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i PREFACE

When Francis Bacon wrote the New Atlantis in the early 17th century, he epvisioned a state-
supported research institution in which knowledge could be applied to “enlarge the bounds of
Human Empire, to the effecting of all things possible’’! Among the research facmtes *0 increase
the protection and material comforts of the inhabitants of his imaginary island, Bacon imagined

n Engine House to study all types of motion, including flight. National aeronautical research
laboratories in Europe and the United States in the early ZOtn century refiected Bacon's vision of
science applied to the practical problems of flight. Commitment to innovation accompanied
Bacon's belief in progress. His utopia honored inventors, not politicians or academics.

In 1841 the same commitment to innovation and industrial progress won federal funding for
a iaboratory in Cleveland, Ohio. Local and national leaders expected the new laboratory to pro-
mote innovations in aircraft engine technology to help win the war against Germany. Contribu-
tions to the development of superior engines for military and passenger aircraft after Worid War
IT justified the large feceral investment in research ‘ac*zmbs and perscnnei. Today this laboratory
is the NASA Lewis Research Center. In contrast t0 the isolation of the ideal research institution
of Bacon"s vision, Lewis took shape in a flesh-and-biood world of personalities, national security

ncerns, and postwar capitaiism.

Two transitions, both precipitated by advances in propulsion technology, provide the struc-
ture for my history: the revolution in jet propuision during Worid War II, and the launch of

putnik in Octooer 1957. Each had significant national poiitical, miiitary, and economic repercus-
sions. Each forced the laboratory to restructure its research program and to redefine its relation-
mps with iis three constituencies—the military, industry, and academia. Within this framework
I have distinguished one theme that recurs throughout the laboratory's history—the tension
between fundamental or basic research and development. In the process of writing my history I
found +hat these terms couid not be defined in any absolute sense. Their meaning is enmeshed
in the history of Lewis, and the definitions of research and development changed as Lewis evolv-
ed. As an institution, Lewis en oagec in a continuing reevaiuation of ifs role within the American

propuision community and, after the formation of NASA in 1958, within a vastly expanded
;vaeral oareancracy

My book is neither an administrative history of Lewis nor a chronicie of its technical
achievements. This "vne of history would have been impossibie to write, had I wished, because
of the serious lack of raw material out of which to craft a history. Lewis czoes not have a laboratory

archives. Few administrative records survived the periodic review and disposal by conscientious
vii
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ENGINES AND INNOVATION

records menagers. Of necessity, much of the documentation for the eariy chapters of my book
came from the National Archives and Records Service in Suitland, Md., where the records of the
NACA Main Committee and Power Plants Committee are stored. John Sioop's Liguid Hydrogen as
a Propulsion Fuel, 1945-1959 and Alex Roland’s Mode! Research: The National Advisory Committee
for Aerongutics 1915-1958 provided me with useful background for the NACA period.” I also used
technical papers produced by Lewis staff. For the period 1958 to 1977, I found brief references
to Lewis in books about the space program.

Inevitably, I have passed over much interesting and significant work at Lewis. Nevertheless,
the paucity of documents may also have liberated me o zsk broad guestions and to dig for
historical context. Thus, the chapter entitled Jet Propulsion: Too Little, Too Late focuses on the
national strategy to develop a gas turbine engine in the United States. By understanding decision
reached at 2 national level, I was better able to tackle the subsequent transition of the laboratory
from research on piston engines 1o jet propulsion. james R. Hansen's originel research in Engineer
in Charge contributed to my understanding of the NACA's early efforts in jet propuision. Edward
W. Constant's The Origins of the Turbojet Revolution was important in framing some of the ques-
tons I asked in this chapter. Moreover, his essay and others in The Nature of Technological
Knowledge stimulated me to think about shifts in technological knowledge shared by a community
of practitioners both within and outside Lewis.® The chapter entitled Seizing the Space Initiative
focuses on the crisis precipitated by Sputnik. I found the role of Abe Silverstein and his team from
Lewis significant in shaping the early years of NASA. Moreover, I traced the roots of some of
Lewis's future probiems to the organizational structure conceived during T. Keith Glenran's years
as NASA's first administrator.

[ hope that my book s 2 contribution to the current effort among historians of technology
to understand technological innovation as a social activity or process.’ I was interested in the
sirategies developed by the engineering community at Lewis in response to the new theoretical
demands of the gas turbine engine and how the laboratory acguired new engineering knowledge.
When I looked at the relationship of Lewis with Case Institute of Techn logy, I was surprised to
find that in the early postwar era, Case was on th receiving end of Lewis's expertise in gas tur-
bine and rocket technology. Later, as Case Institute of Technology developed graduate programs,
this scenaric was reversed.

Bruno Latour's article, "Give Me a Laboratory and I will Raise the World!' stimulated me
to consider the guestion of the laboratory’s leverage or destabili ing influence on constituencies
outside its gates.® Latour's analysis seemed particularly cogent with respect to the laboratory's
relationship with the intensely competitive engine companies. Instead of focusing on specific in-
novations, I considered innovation in the context of the laboratory’s role within the American pro-
puision community. What were the mechanisms of technology transfer from the government to
the private sector in the NACA era? How did this relationship change under NASA?

Some former Lewis staff may wonder why I included an entire chapter on Lewis's opera-
tions research. No doubt this work occupied one of the lower Tungs in the research hierarchy, but
[ thought general readers might find icing and crash fires of greater interest than more recondit
areas of engineering. I used the chapter to demonstrate why the government undertakes certain
types of research, the leverage of federal safety regulations, and the response of industry. [ am in-
debted to the late William Olsen for some of the documents and insights in this chapter.

I wrote two thirds of the book between 1984 and 1987 under 2 contract funded thr ugh the
NASA History Cffice. It took me two more vears to complete and revise the manuscript. My
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contract stipulated that my work was to be guided and judged by the standards of 2 professional
historian. I was free to interpret Lewis history as long as my statements were supported by

evidence and my speculations clearly indicated. Beyond the requirement to submit forty reports,
I was left alone. In general, there was no restriction on my access to documents. However, I did
ot see a portion of the NACA collection on nuclear propuision in the National Archives because
it has not been declassified. Two professional historians, Clayton Koppes and James Hansen, and
two former NACA-NASA Lewis staff, John Sloop and Seymour Himmel, reviewed the manuscript.
Their critical reading helped to improve the technical details of the book and to sharpen my
arguments. At no time did I fee! pressure to change my interpretations. Despite their careful
review, [ am sure that my work is both imperfect and incomplete, for which [ bear full
responsibility

Many people at Lewis a*‘d eisewhere willingly submitted to taped as well as less formal in-
terviews. I would like to t them most heartily for their cooperation. They are too numercus
to name individually, aitnougn a list of formal interviews can be found in my essay on sources.

n addition, Clinton Brown, Robert English, John Evvard, Bruce Lundin, Hans von Ohain, Stan
Moore, Ben Pinkel, and Abe Silverstein commented on some of my early drafts. [ cannot refrain
from mentioning the support and enthusiasm of Louis Cheiko, Melvin Hartmane, the late George
Mandel, Walter Olsoxn, Irving Pinkel, Warren Rayle, Roger Luidens, John Stanitz, Ernest Walker,
isidore Warshawsky, and Alan Wilioughby. Lynn Bondurant and the staff of the Educational
Services Division were my official link with Lewis and provided me with office space and
oraciousiy assisted me in myriad ways. I also received extensive and timely support from the staff

£ the NASA Lewis Technical Library, especially Evelyn Carnahan, who cheerfully provided ac-
cess to Lewis records stored at Plum Brook and elsewhere.

I am indebted to Richard Wood and his successor, John Butier, at the National Archives and
Records Service, Suitland, Md.; Lee Saegesser of the NASA History Office, Washington, DC,;
Richard Leyes of the Nationa! Air and Space Museum, Washington, DC.; Richard Layman at
Langiey Research Center, Hampton, Va.; and Donalid Hess and Janet Kovacevich, Johnson Space
Center, Houston, Tex. I would like to thank Richard Halllon, Albert Misenko, Marvin Stibich, and
Lois Walker for their assistance at various archives at Wright-Patterson Air Force Bease, Dayton,
Ohio; aiso, Helen Near, FBI Headquarters, Washingtor, DC.; Ann Sindelar, Western Reserve
Historical Society, Cleveland, Ohio; Dennis Harrison, Case Western Reserve University Archives,
Cleveiand, Ohic; Anne Milibrooke and Harvey Lippencott, United Technologies Archives, East
Hartford, Conn.

I am especially grateful to Sylvia Fries and the staff of the NASA History Cffice for their
professionalism, confidence, and forbearance. Fellow historians Michal McMahon, Edwin Layion,
Walter Vincenti, and John Mauer generously agreed to comment on individual chapters.
Colieagues in NASA history Elizabeth Muenger, James Capshew, and Craig Waff supplied
documents and encouragement. I received many insights, practical advice, and strong support
from James Hansen of Auburn University, Auburn, Ala. I do not know how to express my
gratitude to Clayton Koppes of Oberiin College, Oberiin, Ohio, who shared the adventure and
guided and inspired me. LaVaughn Craig improved my style with grace, wit, and euiczency. Final-
iy, my tqanks to Dave, Jeff, and Emily, who supported the enterprise from beginning to end, and
to my father, Alfred Parker, for stimulating my interest in engineers and engineering.
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iCHA?TER ONE
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ENGINES

On January 23, 1941 George Lewis, the Director of Aeronautical Research for the National
Advisory Committee for Aeronautics {NACA), drove a special nickel-plated pick into the frozen
Ohio earth. Standing huddled in a semi-circle around him, representatives of the military, the
aeronauticai community, and Cleveland city officials watched Lewis break ground for the new
NACA Aircraft Engine Research Laboratory. This laboratory would one day bear his narse. Lewis
paid tribute to Cleveland as a “'beautiful site, ideally located, adjacent to one of the finest airports
i the world, with all the desirable facilities that the city of Cleveland offers!’ He remarked that
it was appropriate that the laboratory was only an hour's flight from Dayton, where Wilber and
Orville Wright had constructed their first airplane—inciuding the engine. The Wright brothers had
not tackied the job of constructing their 12-horsepower engine by choice. It was an ‘‘honor that
was forced upon them'' because no engine company was willing t0 accept the unusual job of
adapting an automobile engine to power an aircraft.’

The predicament of the Wright brothers in 1903 foreshadowed the attitudes of the aircraft
engine industry on the eve of America’s involvement in Worid War II. Conservative management
and the drive for profits of the two major aircraft engine companies—Wright Aeronautical and
Pratt & Whitney—made them reluctant to accept radical changes in existing engine designs. In 2
piece of machinery as compiex and precisely put together as an aircraft engine, innovations could
compromise an engine's reliability. Commercial airlines adopted the rugged radial engines pro-
duced by the two American companies because they were dependable and conserved fuel.
However, the Europeans, particularly the Germans, had begun to develop engines capable of
greater speeds and higher altitudes. Indeed, a British technical mission to the United States in
1840 informed military leaders of a radical new form of aircraft engine based ox jet propuision.?
Regardiess of whether let propulsion proved feasible, no one doubted that for the first time in
history air power would be among the technical factors to determine victory or defeat. To match
the accelerated development of European aircraft technology, the U.S. government would have to
invest in aeronautical research during World War II on an unprecedented scale.

Cleveland's new NACA Aircraft Engine Research Laboratory had a role to play in the na-
tion's preparedness. Government engine research represented an investment in innovation. By
assuming the costs of research and testing, the government could pursue promising new
technology, regardless of biind alleys and false starts. NACA engineers could determine th
technical feasibility of an engine design or component before handing it over to the engine
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The frozen ground reguired both pick and shovel at the ground-breaking ceremony for the new Aircraft Engine
Research Laboratory next to the Cleveland Municipal Airport. Left to right in the foreground are William R.
Hopkins, former city manager who developed the airpory; John Berry, Airport Commissioner; Frederick C,
Crawford, President of the Cleveland Chamber of Commerce; General George Brett, Edward Warner, and
Captain Sidney Kraus of the NACA Main Committee; Edward Blythin, Mayor of Clevelard; ard George W.
Lewis, NACA Director of Aeronautical Research.

3

ompanies for development. In theory, government research took the risk out of innovation.
Future practice, however, would determine whether the laboratory fuifilled this ideal. It was clear
that building rapport with the intensely competitive aircraft engine companies wouid not be easy.
Only the war could force them to suspend their historic distrust of government interference.

£

NACA: Anomaly Among Government Institutions

Clevelanders who read the newspapers the day after the 1941 ground-breaking ceremony
had probably never heard of the National Advisory Committee for Aeronautics, usually referred
to as the NACA. It was a smal, civilian research organization, highly regarded within the world
aviation community, but unknown to the general public. The 1915 Naval Appropriations Bill that
had created the NACA during World War I mandated its close relationship with the aircraft in-
dustry. It was charged with the supervision and direction of *‘the scientific study of the problem
of flight, with a view to their practical solution.”® The Advisory Committee, which directed th
NACA's research program, consisted of 12 prominent members of the American aeronautical com-
munity: two each from the Army and Navy; one representative from the National Bureau of Stan-
dards, the US. Weather Bureau, and the Smithsonian Institution: and five additional at-large
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AIRCRAFT ENGINES FOR WAR

members, selected because of recognized expertise in aeronautical science or engineering.
Members received no financial compensation. Although the at-large members might e from in-
tustry or affiliated with a university, they were expected to rise above politics and narrow com-
mercial or professional interests to serve the aeronautical needs of the country as a wnoie. It was
a2 mark of professional achievement to serve the NACA in this advisory capacity.

Because government funding of scientific or engineering research in the pre-World War I
period was unusual, constant vigilance was necessary to prevent the NACA from being swallowed
up oy larger institutions within the federal bureaucracy. According to one author, the NACA was
"a political freak, riding on the glamour of aviation to escape the prewar pattern of government
relations with research ”" Although at times its very existence seemed precarious, in the years
between the two world wars, the NACA estabiished itself as an enduring institution. It was not
the glamour of aviation alone that allowed government-sponsored research in aeronautics to
flourish while federal ‘“na.ué in other scientific and technical areas languished. The NACA's
technical achievements and careful stewardship of its finances earned the NACA respect within
the Washington bureaucracy. Always an anomaly because of its unigue committee structure,
which was more like the board of directors of a company than a government agency, the NACA's
significant role in the cevezonmen’c of aeronautics in the 1920s and 1930s ensured its survival.

More than any other individual, credit belongs to George William Lewis {1882-1948! for
building the fledgling agency into a respected and enduring federal institution. Lewis served as
Director of Aeronautical Research from 1923 to 1947. A 1908 graduate of Cornell University with
a master's degree in mechanical engineering, Lewis taught mechanical eng;neerz:‘.g at Swarthmore
College from 1910 to 1917. He then became head of research for Clarke Thomson, a private foun-
dation established in Philadeiphia, Penn., to promote aviation, especiaily advances in aircraft rro~
puision. One of the problems Lewzs investigated during his tenure at Clarke Thomson was th
potential of gas turbines to power aircraft. This early experience with gas turbines may have left
Lewis pessimistic about the future of jet propulsion, a factor of considerable significance in plann-
ing the Cleveland laboratory in 1940.°

Lewis's work at Clarke Thomson during World War I brought him ‘o the attention of the
NACA, and he served on the NACA Power Plants Committee. Originally the NACA had intended
to appoint a scientist to organize and direct its aeronautical research, but the first three candidates
rebuffed the NACA. As the new Langley Memorial Aeronautica Laooratorv in Hampton, Va.
reared completion in 1919, the NACA recruited Lewis to become its first Executive Officer.
ithough Lewis lacked sc‘e'z ific credentials, he proved to be an excellent administrator and an
inspiring technical leader. The rest of his life would be devoted to the NACA. He aggressively
recruited scientific and engineering talent to staff the Langley Laboratory. He obtained ¢ .zma:ng for
the expensive toois of research. By the late 1920s the NACA's research faciiities, such as the
Variable Density Tunnei and the Propeller Research Tunnel, were as advanced as any in the worid

Lewis kept a close watch over NACA research programs during those early vears, visiting
Langley as often as once 2 week. He did not believe in ri gzc cnazrs of command expressed in
elaborate organization charts. He set 2 tone of congenial informality and flexibility to encourage

engineering creativity and, above all, teamwork. He paid scrupuious attention to every detail of
the research program to the point of personally reviewing every procurement order. Under
Lewis's direction in the 1920s an *9305 the NACA made solid contributions to aeronautics. The
NACA cowling {which partially covered the engines to reduce drag and allow engines to cool more

o
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efficiently}, retractable landing gear, and studies of the effects of streamlining ail contributed to
the NACA's solid repuiation in the aeronautical community.

The NACA's family of airfoil shapes for wings, tails, and propellers expressed what was
meant by the NACA's duty to use scientific knowledge in the design of aircraft. To develop an ajr-
foil shape, for example, reguired a
theoretical understanding of the science
of fiuid dynamics, but to make this
knowledge of practical use to industry,
designers needed engineering research.
Hach shape had to be tested in the wind
tunnel to determine its actual Lff and
drag. With the characteristics of each
shape defined through testing, it was a

imple matter for industry designers to
seiect a particular airfoil to satisfy specific
design requirements.®

George Lewis served as the laison
between the Advisory Committee and the
Langiey Laboratory. He testified at Con-
gressional hearings at which NACA ap-
propriations were considered. His
associates on Capitol Hill trusted his
technical judgment, for he had the ability
to transiate complex scientific and
engineering language into plain English.
Lewis was also skilled in his dealings with
the military, which funded 2 substantial
portion of the NACA's research. This was an important aspect of his iob, for without the con-
fidence of the Army and Navy, the NACA, in his own words, would have been 2 “'dead duck.’”
Innovations suggested in NACA research reports often became specifications in the design of
military aircraft.

John Victory, the NACA's first salaried emplovee, served as George Lewis's right-hand man
in the NACA's small Washington office. With political savvy he attended o the administrative
detail required of federal institutions—even one as unencumbered with bureaucratic structure as
the early NACA. To keep the NACA within the bounds of ifs enabling legisiation, Victory kept a
copy of the 1913 bill in his breast pocket, ceremmoniously drawing it out to arbitrate questions of
policy. On the eve of World War 11, the personalities of Lewis and Victory reflected the image of
the NACA. It was a responsidle, competent, if somewhat conservative oreanization that had earn-
ed the respect of its two constituencies, the military and the aircraft industry. Yet by the late
1930s, the NACA seemed to be resting on its laurels. The development of aeronautical research
in Germany began to shake it out of iis complacency.’

£

George W. Lewis, NACA Director of Aeronautical
Research from 1924 to 1947

FROM INERTIA TO ACTION

At first the NACA watched Buropean developments in engine technology without full
awareness of their implications for American national security. In September 1936, George Lewis




AITRCRAFT ENGINES FOR WAR

visited Germany to evaluate reports of recent expansion and decentralization of German
aeronautical facilities. He found that research under Adolf Baeumker was being funded and
staffed on a grand scale hardly dreamed of in the United States. Baeumker reported directly to
Hermann Goering, Hitler's Air Minister, and there seemed to be no limit to the funds available
to finance Baeumbker's grandiose scheme of acronautical laboratories. The Germans, he wrote,

were contempleting a long-range research program. Its major emphasis was to increase the speeds
of airplanes, regardiess of the expense.

Lewis pointed out that, prior to Chancellor Adoif Hitler's rise to power, funding for the
Deutsche Versuchsanstalt fiir Luftfahrt (DVL! at Adlershof near Berlin, the Germa'z counterpart
of Langley Laboratory, had been limited. Hitler apparently made uniimited funds available to
Baeumker. For military reasons, the Germans had decided not to concentrate aii thelr aeronautical
research and development at one locat wn, therefore, Adlershof was to be supplemented by two
additional stations, one entirely devoted to engine research at Stuttgart, the other for more fun-
damental aerodynamic research at Braunschweig. A large and elaborate pressure-type wind tun-
nel had been completed at the University of Goettingen under the direction of the famous
aerodynamicist Ludwig Prandti. Lewis noted the extensive facilities for aircraft engine research
and testing at the DVL, in particular, altitude test faciiities for both air-cooled and lguid-cooled
engines. Research in fuels and lubricants, stimulated by the impending acute shortages of fuel in
Germany, took piace in a special room containing an array of single-cylinder test engines. He
pointed out, slightly disnaraging‘ 7, that the electric dvra*nometers and other gadgets made him
wonder whether he was."'in an engine-testing laboratory or & small edition of the Licke obser-
vatory!'® Although Lewis considered NACA facilities superior *o those in Cerma’w, the number
of personne! and the advanced level of their training worried him. He estimated that in the near
future there would be about 1000 emplovees engaged in aeronautical research at :’our separate
sites compared to a mere 350 at Langley Laboratory. Even more serious was the superior technical
training of German scientists and engineers. Graduate engineering education in the United States
would become increasingly important as the theoretical demands of aeronautical engineering
increased.

Lewis's report on his 1936 trip to Germany was tae first intimation that the NACA's Langley
Laboratory might be inadequate for the nation's future research rneeds. In response to Lewis's
report, the NACA set up a special committee under General Oscar Westover, then Chief of the
Army Air Corps. It took three years for the commiitee to address the question of the relation of
the NACA to defense of the United States in the event of war.*®

Meanwhile, military aeronautical :ecrmoiocv in Germany was rapidly overtaking that of the
United States. As early as 1837 john }'ay Ide, the NACA's technical assistent in Burope, warned
of the results of German advances. He reported that Germany was producing extraordinary
airplanes and engines that had enabled them, with their ally Italy, to set 2 "holocaust of records.”
Ide noted that in the development of aircraft engines there had been no spectacular
breakthroughs. Steady incremental improvements were nevertheless pushing European engine
development to new heights. Both Bngland and Germany had developed liguid-cooled engines
with two-speed superchargers ~o power fighter aircraft. By 1939 Ide had concluded that, so great
was the German emphasis on the development of new technology, the next war would be a "war
of workshops.” The country able to develop the most advanced aircraft would have a strategic ad-
vantage. Ide emphasized that for the Europeans it was speed above all that was important. The

n
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Germans had airplanes that could reach speeds of over 400 miles per hour. The fastest planes, he
noted, all had liguid-cooled engines.™*

In letters to the NACA from England, Charles Lindbergh also described European advances
in aircraft propulsion. In his letter of August 1937 he expressed mild concern: “As Dr. Ames said
in one of his letters, Americar aviation is, generaily speaking, still well zhead of Buropean avia-
tion. However, I believe we must work very much harder in the future in order to maintain our
leadership.'*? Lindbergh was especially impressed by the new faciiities at the Junkers and
Heinkel aircraft companies in Germany, built at government expense. The British also seemed to
be pushing ahead of the United States with new engine types. He noted that Europeens were
developing rockets and urged the NACA to begin work in rocke: development. He recommended
that the NACA contact America's lone rocket pioneer, Robert Goddard, zbout future cooperation.
Unlike Wernher von Braun, the architect of the Nazi's fearsome V-2 rocket who closely scruti-
nized Goddard's papers, the NACA considered Goddard too visionary.*®

As Europe moved closer to war, Lindbergh's increased sense of urgency drove him home
from Europe in 1939. He went straight from his steamship to & meeting with the future chief of
the Army Air Corps, Henry Harley Arnold. Arnold recalied, "Nobody gave us much useful infor-
mation about Hitler's air force until Lindbergh came home in 1939/ After the slow-moving
Westover comnmittee recommended a second laboratory for research in aerodynamics and aircraft
structures {the future Ames Aeronautical Laboratory in Sunnyvale, Calif.} Lindbergh agreed o
chair a Speciai Committee on Aeronautical Research Facilities. Lindbergh was convinced that the
United States needed better aircraft engines.’® As Hitler's September Blitzkreig swept through
Poland, Lindbergh's committee urgently recommended the construction of an engine research
laboratory in a location accessibie to the engine companies. Lindbergh was convinced that the
development of liquid-cooled engines was not receiving sufficient attention in the United States.
Other high-level aviation experts shared his view. The periodical Science warned that the nation
needed research facilities above all because of ‘'the superiority of foreign liguid-cooied
engines.’*®

The recognition of the gravity of the engine situation coincided with the stren thening of
the leadership of the NACA. The same day that Lindbergh made his recommendations, the NACA
elected Vannevar Bush to take charge of for ing a wartime research program. A former Dean of
Engineering and Vice President of the Massachusetts Institute of Technology, Bush appreciated
the vaiue of research. He greatly admired the NACA and looked upon is organization as 2 model
for the mobilization of science. Known as both a scientist and 2 hard-headed practical engineer,
he considered the best engineering to be applied science. For him, the NACA exemplified thi
ideal.”

The NACA elected George Mead, former Vice President of United Aircraft and one of the
couniry’s most respected engine designers, Vice Chairman. Shortly afterwards he replaced Bush
as head of the Power Plants Committee. He would oversee the design of the new NACA Aircraft
Zngine Research Laboratory in Cleveland, Ohio. Mead's experience with engine development was
long and impressive. From engineer-in-charge of the Army's Power Plants Laboratory in Daytoz,
Ohio, Mead had become chief engineer for the Wright Aeronautical Corporation. In 1925 he left
Wright with Frederick B. Rentschier to found the Pratt & Whitney Company in East Hartford,
Conn. Mead's engineering genius was responsible for the successful design of the Wasp and
Hornet engines, which turned the fledgling company into a formidable competitor of Wright
Aeronautical.’®
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The defection of some of Wright Aeronautical’s most able staff and the subsequent success
of Pratt & Whitney had created a bitter rivairy between the two companies in the commercial
cevelopment of air-cooled engines. Neither company, however, had taken great Anterest in the
development of engines with liguid cooling. Profits for both companies ciearly lay in the con-
tinued development of the air-cooled, or radial, engine. In a country with vast distances to cover,
the air-cooled engine was more rugged, lighter, and consumed less fuel than its liguid-cooled
counterpart. It could be maintained easily, and it did not require a radzator, which might be punc-
tured by enemy fire. To increase the power of the radial e'}g.ne during Worid War II, up to four
additional banks of cylinders were added behind the initial nine, making the engine more difficult
to cooi.

By the early 1930s the military concluded thet for strategic reasons the United States should
not depend exclusively on air-cooled engines, despite their dominance of both the military and
commercial markets. For military applications, where speed and high altitude were Amportant, .he
liguid-cooled engine had great advantages. The sleek in-line arrangement of its cylinders meant
that the engine could be placed in the wings, rather than up front in the fuselage behind tfze pro-
peller, where the bulky engine could obstruct the vision of the pilot. The Army supported the
development of liquid-cooled engines by several companies. However, by 1940 only the Allison
V-1710, made by the Aliison Division of General Motors, was ready to be mass-produced for
fighter aircraft. Before 1943 the Aliisen was inferior to comparable European Ezcazd cooled
engines like the British Meriin, but to power fighter aircraft it was superior to the best air-cooled
engines produced by Wright Aeronautical and Pratt & Whitney.*?

Among the executives of the two established engine companies, only George Mead had
taken a strong interest in the development of a liguid-cooled engine. In 1937 he returned from a
trip to England impressed with a British liquid-cooied engine with an H-type sleeve vaive. He
urged Pratt & Whitney to make the investment in the new engine type.” The corporate leader-
ship of the company, however, was cool to the idez, although design studies were initiated. In June
1939 the company decided o concentrate its efforts on the development of superior air-cooled

nes. This seems to have precipitated Mead's resignation, meking him available to serve the
\”AC% on the eve of America's entry into World War II. One of his first accomplishments was £o
reform and strengthen the Power Plants Committee. He insisted that all three engine companies,
Wright Aeronaat:cai, Pratt & Whitney, and Allison, as well as the petroleum industry have
representation.**

The job of the Power Plants Commitiee was to ‘igure out how to encourage innovations in
engine design. The first step toward this goal was to implement as guickly as possible Lindbergh's
recommendation for the new federally funded eng;nv research laboratory. Mead formed a Special
Committee on New Engine Research Facilities to hammer out the design of the proposed
iaboratory. Gaylord W. Newton represented the Civil Aercnautics Administration, Commander
Rico Botta, the Navy, and Major E. R. Page, the Army Air Corps. Cariton Kemper, head of the
Engine Research Division at the Langley Laboratory, and George Lewis were the NACA members.
Although membership was balanced among the engine companies the military, and the NACA, tne
engine companies, wieided considerabie power. In addition to Mead, Ronald Hazen, President o
the Aliison Company, and Arthur Nutt, Vice President of Engineering for Wright £ eronau;xca},
were key members.

Sam D. Heron, an executive of the Ethvi Corporation in Detroit, Mich., served as a valuable
iink between the NACA and the petroleum industry. After work on the design of air-cooled
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cylinders at the Royal Aircraft Factory in England, Heron had pioneered the devel opment of
sodium-cooled engine valves for the Army Air Corps at Wright Fieid in Dayton, Ohio. Mead called
on Heron to persuace the engine laboratory planners to inciude 2 fuels and lubricant faciiity.
Heron emphasized that, despite the large amount of research being carried on by the petroleum
industry, “it was impossibie to do too much work toward z:norovng fuels!” Heron p*esemea a
detailed proposai for an elaborate facility that was adopted without opposition.?? This commit-
ment to fuels research would some day bear fruit in the future Aabora ory’s role in the develop-
ment of liguid hydrogen as & high-energy rocket fuel.

it was decided ;rnmedxa ely that research on both Lguid- and air-coocled engines would be
conducted at the new NACA Aircraft Engine Research Labor atory. Testing would be carried out
on models and full-scale engines, as well s on the various components, such as superchargers,
carouretors, instruments, and both fuel injection and fuel ignition systems. To implement the
dasic plan of the engine laboratory, the NACA formed 2 design group at Langiey that consisted

of a nucieus of 15 seasoned men and 11 enthusiastic recent engineering graduates. The group
worked feverishiy at Langley under Smith DeFrance, who was r esponsible for the early designs
for both the new aircraft structures laboratory at Sunnyvale, Calif., and the new engine iaboratory.
When DeFrance was sent to Sunnyvale, Ernest G. Whitney took over. While DeFrance t00k with
him the o'ob lem of the aerodynamic design of the engine laboratory’s wind tunnels, Whitney
faced the formidable task of coordinating all the eAeAernts in the complex design, as well as super-
vising the early construction of the new laboratory.®

An item that raised considerable debate among the lzboratory planners was the decision to
inciude 2 wind tunnel. Only three facilities existed in the United States for aititude ! testing of air-
crait engines: the Bureau of Standards, the Naval Aircraft Factory in Phiiadeiphiz, Penn., and the
Army's Power Plants Laboratory at Wright Field. None of the three could test engines at suffi-
ciently high altitudes. George Mead argued strongly in favor of a wind tunnel. He was critical of
the limited facilities for engine testing at Langley.®

The inclusion of 2 wind tunnel in the plar became a bone of contention uecﬁdse wind tun-
ae’; tests could be construed as development. The NACA did not approve of “min gling research

development work in the same organization’’ dbut how this principle a:m;ze'* to engin

research was not clear.”® The established engine companies, Pratt & Whitney and Wright
Aeronautical, argued that an altitude wind tunne! would aliow the NACA fo co“.ve"e with in-
dLst*y in engine development, but the Allison Division of General Mo;o*s supported the wind
tunnel because it needed help in developing its lguid-cooled engine. The two established com-
panies feared that more vigorous competition from a wider field of engine companies would affect
their ability to continue to reap large profits on commercial engines. The issue of the e relationship
of the new laboratory to industry remained one of the thorny probiems left to be tackied once
peace was restored. The nation, however, could no longer afford to leave engine development ex-
clusively in the hands of industry.

At the January 1940 meeting of his planning co.muzt*ee Mead cailed for the opinion of
Frank W. Caldwell, 2 man he respected for his expertise in devel ioping the varigble pitch p*oneiie*
for Hamilton-Standard Propeliors Company. Caldwell argued st trongly in favor of an altitude wind
tunnel to study the influence of engine vibration on the propelier. After his presentation, Mead's
commitiee reached the long-sought consensus that an altitude wind tunnel, capable of testing
engines up to 3000 horsepower, be .“clucea in tz:e plan. Caldwell also suggested that the engine
iaboratory inciude & propeller research iaboratory, 2 proposal that was also adopted. George Mead

P
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submitted the final report of his committee to Vannevar Bush or January 23, 1940. It stated mag
"th oposed fac.htzes are urgently needed and are vital to both the national defense and fo the
future success of our commercial aviation.'?®

The role of the new gove“me‘.‘ engine research iaboratory was carefully described by Van-
nevar Bush when he testified before the Subcommittee of the Committee on Appropriations in the
U.S. House of Representatives. Bush asked for an appropriation of $8,400,000. He stressed that the
engine research facilities at Langley were ex‘re.ueky iimited, that private industry did not conduct
the necessary research, and that government would not compete with industry. Both General
Arnold, Chief of the Army Air Corps, and »“adm;rab Towers, Chief of the Bureau of Aeronautics of
the Navy Department, strongly supported the proposed legisiation.®” Called on to describe th
nature of the proposed laboratory in detail, George Lewis estimated that it would have a staff of
220 and an G“nua} operating cost of $650,000. The single most expensive item, the aititude wind
tunnei, Lewis called "'very, very desirable.” Such a faciiity did not exist anywhere in the world. He
estimated that, at 2 simulated altitude of 30,000 feet, the speed of the wind tunnel would be 480
miles per hour. In the proposed tunnel the engine, supercharger, and propeller could be studied
at full scale both separately and as a unit, so that months of flight testing could be eliminated.

A congressman's guestion gave Lewis the op Dortu.mv to emphasize the imporiance of
government research and the void that it was intended to fill: “There is no governmenta! research
of engines being done in the United States now? It is ali done bv the private establishments, is it?”

Lewxs s response was terse: "There is very little scientific research being done on engines
in this country. Private establishments are concerned chiefly with development probiems relating
to their own er-gmes The aircraft engine research work thet is being done at Langley Field
represents the major portion of all fundamental research on aircraft engines in this country.”

Lewis continued to be pressed by the congressman: “And that is very limited?”

Lewis replied that, aithough the Army and Navy had research facilities for engine testing,
this was only development work. The Army’s Power Plants Laboratory at Wright Field in Dayton,
Ohio, and the Navy's Alrcraft Factory in P’ni'iade vhia, Penn., were used to evaluate engines pro-
duced by a particular company ‘o determine whether they met military specifications. This was
not fundamental research—the purpose of the new laboratory.”®

Although Lewis was not asked to define fundamental research, it would have been an ap-
propriate question. Did congressmen understand the difference between fundamental research
and development? What could the government do that industry would not, or could not, do? It
was clear that the engine companies were not happy that such vast sums would go o a new
government laboratory. In early june, in a final attempt to prevent the authorization of govern-
ment engine research, they proposed that, instead of spending $8,400,000 for the new laboratory,
the government give each company $3 million to do its own research. The NACA responded by
memo that the essence of a govwnmené research laboratory was to tackle provlems common to
the entire industry and to see that the information was equally accessible to all companies in 2
given fieid. This is what the NACA calied fundamental research. Competition prevented the ex-
change of information, so that each company had to work i ‘A.aepenc‘e.u.v ""t0 soive problems com-
mozn to them zll/’ an unnecessary duplication of research effort. Moreover, if the engine com-
panies were given money directly, they would focus their research orn immediate problems ''of
perhaps low fundamenta! significance but of high spec*fxc interest to that individual company.”
Thus, research would be too closely tied to development \/{oreovek, the NACA memo pointed out,
research on components wouid be neglected, because the engine companies bought these parts
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from other manufacturers. In the NACA's view, the entire aircraft engine deserved egual and im-
partial scrutiny.?®
ith the forced evacuation of the Allied Forces at Dunkirk and the fall of France in early
june 1940, couid Great Britain resist invasion? Alarmed by the implications for the national
security of the United States and already committed to supplying aircraft to Great Britzin, Con-
gress approved the funding for 2 new NACA aircraft engine research labor atory in june 1940 as
part of the First National Defense Appropriations Act.® A site for the new laboratory remained
to be chosen.

CLEVELAND WINS THE BID

At this point the efforts of the Cleveland Chamber of Commerce moved int high gear
Cleveland's location, industrial base, and particular] iy the connectzons and active involvement of
Frederick C. Crawford, President of Thompson Products, won the new iaboratory for Cleveland.
Crawford worked with energy, determination, and tact to make sure tha: the NACA chose
Cleveland. His motivation was simple. The new leboratory would be good for his company.
Thompson Products made automotive and aircraft engine parts and was just beginning its war-
time expansion. [Thompson Products became Thompson-Ramo-Woold ridge Corporation {TRW! in
1858.]

Crawford's behind-the-scenes action began in 1939, 2s soon as he heard that the NACA was
considering a second laboratory to supplement or possivly replace the one at Langiey. He asked
Clifford Gildersieeve, the Industrial Commissioner on the staff of th ne Chamber of Commerce, to
prepare an invitation to the NACA in August.

Selling Cleveland was not new to Gildersleeve. His job was fo attract new industries o th
city, and he was well aware of the opportunities for industrial expansion created by the war in
Zurope. With the infusion of federal funds for new plants and the modernization of old ones
already under way, z large government research facility would make the city all the more attrac-
tive to industry.’

The invitation that Gildersieeve p*eparea for the NACA described Cleveland in alluring
terms typical of Cnam oer of Commerce brochures. Located in the nation's industrial heart, the
city stood as the industrial nexus between the Pennsvivania coal fields and the iron of the Mesabi
Range in Minnesota. The great coal-fired open hearth furnaces of the mills in the Flats aiono t”v
Cuyahoga River processed the iron cre into steel. Gildersieeve's invitation pointed out that half
of the population of the United States and more than half of the country’s manufacturing were
located within 500 miles of the city. Cleveland was also a hub of transportation. The airport han-
dled a daily average of 100 planes, making it among the busiest airports in the country. In addition
to highway connections, six major railroads served Cleveland, and the Great Lakes were used by
industries like Republic Steel to transport iron ore cheaply. Electric power in Cleveland, supplied
by the Cleveland Electric Iluminating Company, was “plentiful and dependable’ In addition,
Cleveland owned and maintained its own water system.>? What the invitation did not state was
that the city, still recovering from the Depression, cdesperately needed jobs for its workers. The
city’s reputation for tightly organized unions maae new industries reluctant to locate in
Cleveland. To cope with 87,000 poor relief cases, i city received federal assistance, but it still
faced a large poor relief deficit of over $1 mzb:on.“

Clevelanders, however, loved aviation. The city’s sponsorship of the enormously successful
National Air Races had first brought Crawford into contact with the NACA through his association
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with John Victory. Victory had visited Cleveland frequently as one of the officials of the National
Alr Race Association Committee. Crawford's company awarded the coveted Thompson Trophy
each year, and his enthusiasm for aviation was well known. Although the manufacture of part

for automobile engines was the major business of Thompson Products, the company also sold
sodium-cooled valves to the two giants in the aircraft engine field, Wright Aeronautical and Pratt
& Whitney, a business that flourished during World War I with the production of vaives for the
Liberty engine.

Other Cleveiand companies were in the parts business. In 1940 Cleveland boasted no less
than 80 to 90 companies "'catering directly to aviation.’>* Eaton Industries also produced sodium-
cooled valves, and Cleveland Pneumatic had pioneered the development of pneumatic landing
gears. With a new plant for Wright Aeronautical's engines under construction outside Cincinnati,
Crawiord saw that Cleveland aircraft parts industries could anticipate substantial expansion as a
result of the war in Europe. What could be more appropriate for the city than a major research
iaboratory for aircraft engines?

The city’s identification with both the romance and commercial potential of aviation had
begun during World War I, when a group of Cleveland investors persuaded a gifted, if somewhat
eccentric, aircraft designer, Glen L. Martin, to locate his aircraft company in Cleveland. During
its years in Cleveland, Martin's company produced the important Martin GMB-1 bomber and at-
tracted some of the most talented airpiane designers in the country: Duich Kindelberger,
Lawrence Bell, and Donaid Douglas. When Martin moved his company to Baltimore in 1929, he
ieft as his legacy to the city his role in spearheading the development of Cleveland's municipal
airport.>®

The large size and careful design of Cleveland's airport made it a natural site for the
National Air Races. The Air Races brought Crawford and the NACA together. Held in Cleveland
8 of 11 years between 1929 and World War II, the races provided the opportunity to push beyond
the existing speeds of aircraft. Prominent Cleveland industrialists like Crawford and Lewis W.
Greve, President of Cleveland Pneumatic, supported them enthusiastically. Many of the engine
improvements first demonstrated on racing aircraft were later adopted by the aircraft engine com-
panies.®® What could be more natural than a new federal laboratory to continue o encourage
engine innovation?

Cleveland iost out to Sunnyvale, Calif., as the location for the Ames Aeronautical Research
Laboratory because Sunnyvale was close to the California aircraft industry, which exercised its
political ciout on Capitol Hill. Nevertheless, wher Congress authorized funds for an aircraft
engine laboratory, Cleveland was ready to push for its selection. Gildersieeve and Walter 1. Beam,
the Executive Secretary of the Chamber of Commerce, had already convinced Cleveland's iocal
officials of the desirability of the city as 2 site for a government research laboratory. As an incen-
tive, the city had agreed to make nearly 200 acres of land next to the Cleveland Airport available
for $1 an acre, as well as raise $550,000 locally for power facilities.”

The NACA was determined that the competition for the site for the new engine laboratory
be properly and impartiaily administered. After the engine laboratory was funded, the NACA
selected a biue ribbon committee, chaired by Vannevar Bush, to recommend a site.® The com-
mittee sent letters to all interested congressmen, Chambers of Commerce, and other interested in-
dividuals stating the requirements to enter the competition. Because the new laboratory would re-
quire facilities for flight testing, the city had to be able to make availeble title o 100 acres either
on or adjoining an airport owned by a municipality or already owned by the federal government.
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George Lewts explains the plan for the new engine research luboratory to top NACA staff

ith 2 large wind tunnel planned, the site also needed adequate power as well as ample water
for cooling. The czty shouid be an industrial center, accessible to the engine companies located
either on the East Coast or in the Midwest. The site also had to be near “centers of scientific and
technical activity!” Another factor to be considered was ‘‘strategic vulnerability!” Since there was
a perceived danger that the United States might be attacked on either coast, where the NACA's

other two laboratories were located, there was a general feeling that the Midwest offered the
safest location. The NACA used an elaborate point system, originally devised for the Su innyvale
site selection, to judge the contenders for the new engine laboratory.®

in july the Cleveland Chamber of Commerce issued a formal bid to the NACA for the new
iaboratory, responding directly to the list of criteria. The Chamber of Co:nmerce eniisted the sup-

ort of the local Society of A\z‘cok;‘o-'zve Engineers t¢ impress the NACA with the city's engineerin
community. In addition, the presidents of the Case School of Applied Science and Western
Reserve University wrote letters that described in glowing terms the excellence of the educational
resources of the city.

Cleveland faced stiff competition. Of the 72 sites in 62 cities that submitted bids, 14 cities,
offering a total of 20 sites, met the stipulated criteria. A Special Committee on Sit Inspection
visited the top-ranking cities. The major contenders, as presented at the September meeting of th
Bush Committee on Site Selection, were Cleveland, Ohio; Dayton, Ohio; Detroit, Mich.:

BIMINIRE N
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Cincinnati, Ohio; and Aurora, Il However, by October, Glenview, near C hicago, took the mzroer
one position in the ratings, with Cleveland running second. Officials in Chicago had convinced th
NACA that the Chicago area, with its many university and industrial research laboratories, could
provide a superior research environment. The drawbacks of the Cleveland site were the unusualily
high rates for electric power charged by the Cleveland Electric Iiluminating Company and the
spectator stands for the National Air Races on the proposed site. Would the continued operation
of the races interfere with the plans for the new engine laboratory? Because the Material Division
of the Army Air Corps was aiready located at Wright Field near Dayton, where the Army had its
own power piants laboratory for testing engines, the Army urged the NACA to consider th
Dayton site. Not surprisingly, Orville Wright, a prominent member of the NACA, put his wezgm
behind his home town.*

Nevertheless, John Victory and Rudolf Gegg, a Wright Ae*o rautical consuitant retained by
the NACA, favored Cleveland over the other cities under consideration and were willing, while
Keeping a :)uom: stance of m*par‘zas‘ 7, to go out of their way to help Cleveland win the bid. This
was no doubt due to th rsonal reiationships of long standing’ between Frederick Crawford
and the \ACA “ \o~ only i*ad Crawford "gone to Washington for & number of conferences, had
conferred with peooi in New York, and had given up much time to Cleveland's effort o obtain
the izboratory,’ but he had also teken a personal hmd in the negotiations between the NACA and
the Cleveland El ect“c Iluminating Company. In order for the Iliuminating Company to avoid the
capital investment involved in building new generating piants to supply the proposed engine
laboratory, Crawford came up with the idea that the company could offer reuced rates if the
NACA were willing to run its large testing facilities at night, $ This was a shrewd move on the
part of Crawford, although at first the conservative Illuminating Company resisted the proposed
arrangement.

To discuss the problem of the power rates and the city's intentions as far as the National
Alr Races were concerned, Victory, Gagg, and Russell Robinson visited Cleveland on Qctober 14,
Their trip had an extremely :avorao?e ou tco*ne As Victory recalled, “one fly in the ointment” was
the skepticism of Evan Crawford, the President of the [luminating C Company. Evan Crawford
doudted that the wind tunnel couid be run on an off-peak basis. Vic ctory remembered:

The electrical rates he offered were considered prohibitive. Into this breach stepped

red Crawiford, just in time to prevent the collapse of negotiations. I shall never forget
the final scene in Evan Crawford’s office when he vielded and then promised that, if
Cleveiand were seiectea, his company would “ooze cooperation from every pore.®

The Illuminating Company agreed to a substantial reduction in the monthly electric rates.
From a minimum annual charge of $120,000 in the original proposal, the power company agreed
to a minimum charge of $50,000. This cLA;cne the choice for C‘eve*aw in eddition to the con-
cessions of the electric company, Major John Berry, superintendent of the airport, reporied that
the park commissioners had agreed to offer part of the park adjoining the airport to the NACA.
This would create a buffer around the new laboratory of 2 mile on every side. Crawford indicated
the likelihood that the operation of Cleveland's National Air Races would be suspended and the

willingness of the National Air Race Association Committee to have the stands removed.*

The selection of Cleveland as the site was formaily announced to the press on November
25, 1940 by Vannevar Bush. After political maneuvers to avoid objections over whether the
municipal government could turn over the land at less than the fair or;ce, the Mayor of the City
of Cleveland, Harold H. Burton, soid 200 acres of land for $300 *o the federal government. The
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Photograph courtesy of ine Cieveiand Public Library

A sguadron of U.S. Marz'ne pianes flies over the site of the future Aircraft Engine Research Laboratory during
the National Air Races, 1935. The Brookpark Poaa Brzdoe Is at the right.

NACA was granted the right to use the a roo-rt free of charge, and it was agreed that neither th

&
1

airport nor the NACA would erect buildings that would interfere with the operations of the other.
I he leboratory's activities ceased, the iand would revert to the Cit ty of Clevelan
Soon the stands for the spectators would be pulied down to make way for the new buiidings
{ the NACA Aircreft Engine Research Laboratory. Roscoe Turner carried off th Thompson
Trophy for the last time in 1939. The air races had kept interest in aviation alive through the
Denress’ on. mev had contributed to increasing the speeds of aircraft throu igh the tinkering of
talented mechanics. With the most advanced engine research facilities the country could muster
about to be buz.g at the edge of the airport, engine innovation would become more rational and
systematic. Peopie with professional training in engineering and science would take over from the
racing buffs the job of increasing the speed of aircrafs. \eve; L-Ae*ess, the role the laboratory would
piay in engine innovation was 'zo‘ entire! y ciear. Over the oo ect of the engine companies,
which feared that government research might interfere with heaithy compet mou, Congress had
funded the NACA's new engine laboratory. Vannevar Bush and Gaoroe Lewis had used their con-
siderable prestige to assure the Congress that fundamental research would foster innovation. T hey
argued that the NACA would tackle engine problems common to the entire ; industry. The develop-
ment of new engine prototypes would remain the province of the engine companies. Yet the con-
struction of a wind tunne! belied these assurances. Testm fuil-scale engines in 2 wind tunnel

CRAPH
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strained the definition of fundamental research. However, with the impending war, there was no
time ‘o debate the fine points of the respective boundaries of fundamental research and
development.

As he stood in the frigid wind on that January for the ground-breaking ceremony, Crawford
may have reflected that the heyday of the Nationai Alr Races was about to end. Military airplanes

«
[and

had reached speeds beyond those of any plane ever entered in the air races. These new machines
of war had “‘out-raced the races!®
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As the country's aircraft engine needs intensified during World War II, fundamental engine
research took a back seat to trouble-shooting to solve the problems of engines in production. The
wartime mission of the new engine laboratory was simple. It had to assist the engine companies
to make their engines more powerful and reliable. General Arnold wanted engines that were com-
parable to the best European models. He ordered Pratt & Whitney and Wright Aeronautical ¢
develop fuel injection systemns within 12 months to make their engines comparabie to the German
BMW-801, at that point the world's best aircraft engine.*

Arnold blamed the engine companies for the country’s dismal aircraft engine situation, but
he expected the NACA to correct it. Or October 14, 1942 he issued an official directive that the
NACA must "do everything practicable to improve the performance of existing engines!” The
engine companies had failed to provide the nation with “small, light, high performance, highly
supercharged engines” suitable for fighter airplanes. Their exclusive focus on large, heavy, air-
cooled racial engines reflected their drive for profits at the cost of preparedness. 'Cur engines
were nearty all built as all-purpose engines, with an eye on the world market, and not specifically
for fighter aircraft.’? The United States could not enjoy the luxury of fundamental research until
the problems of reciprocating engines then in production—the Wright 2600 and 3350, the Pratt &
Whitney 1830 and 4360, and the Aliison V-1710 had been resolved.

Arnoid’s directive that the NACA concentrate on improving existing engines was made in
the context of his knowledge of a radically new propulsion technology: the development of the
turbojet engine. Days before his letter to the NACA, Lawrence Bell's Airacomet {P-39A!, powered
by a turbojet developed by General Electric, had flown successfully for the first time over Muroc
Dry Lake in California. Seasoned Langley veterans in charge of overseeing the design and con-
struction of the new Cleveiand laboratory had no inkling of the impending revolution in jet pro-
pulsion. They assurned that the improvement of the aircraft piston engine would continue fo
foilow the evolutionary pattern of the past. They worked with energy and determination to buiid
a laboratory to assist in winning the war.

FROM BLUEPRINT TO LABORATORY
The miles of 36-inch blueprint paper produced by Langley's design group began to take real
form in the winter of 1941. In February Charles Herrmann, Chief Inspector, was transferred to
Cleveland from Hampton, Va. He was accompanied by Helen G. Ford, a secretary from the NACA
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Waskington office. They immediately set about h hiring inspectors to oversee local contractors.
Braving their first Cleveiana winter, they t00K up temporary quarters in the Radio House, a small
building owned by the Cleveland airport. The Airport Commissioner allowed the NACA o store
new equipment temporaniy in the air races grandstands awaiting demolition. Ford attended to 2
myriad of pressing administrative details and threw coal into the furnace, while Herrmann super-
vised the ouudmg of the hangar and engine propelier research building by the laboratory's first
contractor, the R. P. Carbone Construction Company.

The i .mense grind of daily routine was broken by occasional visits from officials from *h e
\Aasnmgto fice and Langley sta® who "‘spurred us on when we felt isolated and primitive and
forgotten!” Ford and He*rmar.n processed applications from the Cleveland community, and by
July the staff had outgrown the two rooms of the Radio House. They moved o the Farm rio“s\,,
a white clapboard structure over'foomng the Rocky River. “As the Langiov Field people began ‘o

rive they were squeezed in wherever we couid fnd room’ wrote th ¢ intrepid Ford to a friend
C ty ‘{ml 3

From the time of the ground-breaking ceremony in January 1941 to the foliowing winter

construction work proceeded at an agonizingly slow Dace It was difficult to obtain an aaecuate
supply of labor because the fixed-price contract negotiated by the NACA with its ort gzhai contrac-
tors did not aliow overtime pay. Buildings couid not be completed on schedule or within budget
because of the exty emely high labor costs in Cleveland and the rising costs of materials and con-
struction.* To teke firm control of constru ction, in August 1940 Lewis cailed Edward Raymond
Sharp back to Langley from Ames to serve as Construction Adminisirator for the new engine
laboratory.

After Pearl Harbor, the pace quickened. In mid-December Ray Sharp moved with Ernest
Whitney and his design group from Langley to Cleveland. They occupied temporary offices in th
Farm House and the recendv compieted hangar. Charles Stanley Moore took responsibility for the
thousands of drawings for the Engine Research Bunamc In the hectic days when one decision
after another had to be made, a Xipling verse posted in Moory s office seemed to express their
sense of teamwork as they struggled to plan each owdz“g and to supe*vzse contractors. No in-
dividual or army, but the ”eve“ason team work of every blooming soul' would aliow them ‘o
accomplish the impossivle.”

Ray Sharp charted the course of the laboratory’s construction. He reviewed contracts,
established rapport with city officials, smoothed relations with the engine companies, and kept
Wright Field and the NACA Washington office informed of progress. Named Manager of the
iaboratory in 1942 and Director in 1947, he remained at the helm of the Cleveland laboratory un-
til his retirement in 1960.

Sharp had an amiable and gracious style of management that earned him the affection and
loyaity of those who worked under him, but he was not an engineer. At Langley and Ames the
laboratory head was the '‘engineer-in-charge!’ The Cleveland laboratory functioned differently.
Sharp created an atmosphere that encouraged cooperation ammg the staff, but he wisely left the
technical questions {0 the engineers. As one engineer explained, “Since he did not have any
background in engineering, he left us alone. His idea was to provide us with the eguipment,
money, and the space and made it easter for us to work!'®

Born on a farm in Elizabeth City, Va., in 1894, Sharp had enlisted in the Navy in World

War . His connection with the NACA began when he was emnioyaa by the Army to assemble the
Itelian airship Roma, accepted as partial payment of the lalian war debt. In 1922, upon
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completion of this work, which was carried out at Langley, Sharp seized the opportunity o join
the fledgiing NACA laboratory as Langiey’'s 54th employee. In three vears he rose from hangar
boss to construction administrator. After earning a iaw degree from the College of William and
Mary through a correspondence course, he became a member of the Virginia bar in 1924.
Sharp's first duty upon arrival in Cleveland was to use his legal skills to negotiate & contract
with a different construction company, the Sam W. Emerson Company. This was the first cost-
plus-fixed-fee contract for the NACA, authorized by an act of Congress on December 17, 1941
This type of contract, used extensively by the Army and Navy, made it easier to get contractors
to agree to undertake risky new ventures for the federal government. The government agreed to
pay a fixed fee, or guaranteed profit, to the contractor and assumed all the costs of the project.
With the country at war, the federal government moved unusuelly quickly. The cost ¢f the
remaining buildings was estimated on December 24; after Christmas, Sharp took on Emerson's
lawyer, an experience that Sharp described as “fight all the way.”” He had a 47-page contract
typed, and by the evening of December 31 the contract was signed. One week later the Emerson
Company began construction on the Engine Research Buiiding, planned to house a variety of
laboratories to cover the gamut of authorized research projects: multicylinder and single-cylinder
test facilities, supercharger rigs, and laboratories for research on exhaust turbines, heat transfer,
carburetion, fuel injection, ignition, automatic controls, and materials. The building covered more
than four acres of floor space, designed so that the areas were flexible enough to be converted o
other uses as research needs changed. The Emerson Company aiso rapidly constructed the Ad-
ministration Building, the Gatehouse, and the service and office buildings for the wind tunnel.
With & solid reputation in Cleveland, Sam W. Emerson was active in the Cleveland Chamber
of Commerce. The Emerson Company specielized in industriel construction, but had also won
bids for buildings at the Case School of
Applied Science, where Emerson had
studied engineering and served on the
Board of Trustees. As the Cleveland Plain
Dealer Cescribed Emerson, “Many of the
substantiai bulidings he has erected in
Cieveland seem to reflect his
personaiitv—unadorned, capacious,
usable, plain and adeguate!’® These were
the very quaiities reflected in the
buildings Emerson constructed for the
laboratory. Carefully set at intervals aiong
the roads of the former air races parking
arez, their low-slung tan brick exteriors
gave the laboratory a college campus
atmosphere.
While construction proceeded, in
May 1942, when the staff numbered 399,
research was officially initiated in the
recently compieted Engine Propelier
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While the Administration Building was
under construction, staff squeezed into
the old Farm House.

city of Cleveland could be seen in the group of dignitaries who attended the formai ceremonies:
George Lewis and John Victory from the NACA; Walter L. Beam, Executive Vice President of the
Chamber of Commerce; Mayor Frank ]. Lausche; Major John Berry, Commissioner of the Airport;
and Willlam A. Stinchcomb, Director of Civilian Defense for Cuyahoga County. Huddled in the
control room, they waited in suspense untl, with the push of a button, George Lewis set in
motion the huge propeller of a 14-cylinder R-2600 Wright Cyclone engine mounted in 2 test cell.
While it roared, a battery of instruments produced a graphic record of various research
parameters needed to evaluate lubricating oils. This was an appropriate engine on which to direct
the laboratory’s most concerted effort, because it was piagued with undefined problems. Beneath
the hearty congratulations offered on the occasion must have been the nagging question, could the
laboratory find the flaws that eluded the manufacturer? Could they be fixed in time? The
laboratory’s first technical report on lubricants tests of the Wright R-2600 by members of the
Fuels and Lubricants Division, Arnold Biermann, Waiter Olson, and John Tousignant, showed the
promise of the youthful staff. How government research couid be ransformed into concrete
engine improvements remained to be demonstrated.®
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In January 1943, when Carlton Kemper arrived to take up the duties of Executive Engineer,
it was not clear what his role in the new laboratory would be. Ten years as head of the Power
Plants Division at Langley had not earned him the expected position of engineer-in-charge of the
new laboratory. Why Sharp was chosen to take the helm of the Cleveland laboratory, rather
than Kemper, is not clear. As the construc-
tion of the Cleveland laboratory went
forward, Xemper stayed behind at
Lanc‘ey to contribute to the NACA's secret

t propuision project—a project that
:’*iled to provide the country with a prac-
tical and timely jet propulsion system.
Kemper, a 1923 graduate of the University
of Pennsylvania in mechanical engineer-
ing, had joined a handful of power plants
engineers at the NACA after two years

with the Packard Motor Car Company.
Four years later, when he took charge of
the division, his staff numbered 20. After
1934, when a new power plants labora-
tory was built at Langley, his staff worked
in cramped offices above the roar of
engines being tested on the floor below. 7
Kemper wouid never regain his role as a
ieader of power plants research. In 1945  Egward Raymond Sharp {1894-1961), Director of Lewis
the NACA sent him Europe to join the  Laboratory through 1860.
Alscs mission as its expert on aircraft
engines. Addison Rothrock became Chief of Research, and it was he who would oversee the
iaboratory's difficult transition from the piston engine to jet propulsion.

LANGLEY'S POWER PLANTS DIVISION MOVES TO CLEVELAND

In the research hierarchy at Langley, engine research occupied one of the lower rungs.
Aerodynarrics, experimentally studied in wind tunnels, expressed the research heart of the 1930s
NACA. Even the famous NACA cowling that allowed airplanes 0 go faster and cool more efficient-
ly had more to do with aerodynamics than power plants. The two major engine companies, Wright
Aeron, utzcai and Pratt & Whitney, were fercely competitive and jealous of their proprietary
rights. They did not welcome government mterference Through an agreement reached in 19186,
the government left engine ceveiooment to the engine manufacturers, although a limited amount
of engine research was carried on by the National Bureau of Standards.

Technical judgment as well as the attitudes of the engine companies may have influenced
the NACA Power Plants Division to focus on the a:esel, or compression-ignition engine. Most
power plants experts of the 1930s thought that aircraft engine advance would occur in the Giesel
engine, which did not have the problems that neic back the deve iopment of the air-cooled engine:
ignition, knock, and the metering of fuel into the carburetor. After the first flight of a Packard air-
craft engine in 1928, the diesel seemed to be the aircraft engine to overcome the Emitations of the
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air-cooled piston engine. However,
development of the diesel engine, because
of its weight, proved to be a dead en
Because of its decision to focus on
the diesel engine, the NACA was left out
of the dramatic development of the air-
cooled spark-ignition engine in the 1930s.
its improvement came unexpectedly from
fuels research by the petroleum industn
on the branched paraffin, octane. This in-
crease in performance spurred suy
cumce‘ cevelopment (o keep engines
from starving for air at high a.ltz;uoes.
However, the problems of knock and pre-
ignition {faulty combustion within tne
engine’s cyiinders! remained. With
increased supercharging, effective engine
cooling was aiso a problem.
Gradually, in the late 1930s,
Cariton Xemper, Executive Engineer. research on the diesel engine declined,
and the NACA began to be pulled into the
mainstream of engine development. With the formation of a Subcommitiee on Aircraft Fuels and
Lubricants in 1935, research at Langley was initiated on the knocking characteristics of variou
fuels, although this research played only 2 peripheral role in the rapidiy evolving understanding
of hydrocarbons
To advance the NACA's research on combustion, Cearcv D. Miller invented a high-speed

L]

mera that could take pictures of the combustion process within the cylinder of an engine at the

rate of 40,000 frames per second. With this new high-speed photography, the exact point at which
the engine began to knock could be determined for the first Hme. X was an exciting
breakthrough.’*

Miiler's work is an example of what the NACA meant by fundamental research. He t00k a
probiem common to all air-cooled radial engines and in wted & metho& to analyze it Puoiica‘?
of Milier's reports put this new knowiedge in the hands of indusiry designers—the point of all
NACA research. The Ar s fuels acenda for the Cleveland laboratory included study of the fuel
additives xylidine an ptane to increase the performance of combat aircraft. T

P

The laboratory
tackled the probiem of replacement cyiinders worn down by sand from unimproved airstrips in
Africa. Oil foaming, which drained the engine's oil during fiight, also received attention. 2
in 1540 the NACA was pushed back into supercharger development, a feld in *hic; it had
pioneered in the late 1920s. A supercharger section, with Oscar Schey as its head, Eaunc‘ned a new
prograem with strong backing from the Army and direction by the Power Plants Commitiee. Weil
known for his early work on the Roots supercharger, Schey had made outstanding contributions
*o power plants engineering throughout his career, beginning at Langley in 1923 after graduation
with a degree in mecha*.*cm engineering from the Uni ve*sz;y of Minnesota. His advocacy of valve
overlap and fel injection in the piston engine resulted in lower supercharger reguirements, and
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his study of the finning of engine cylinders contributed to better cooling.’® While American
manufacturers were slow to take up Schey's suggestions, the Germans successfully used the lar rge
valve overlap idea, and especially fuel injection. Shortly before the war, when George Lewis
visited Germany, he was surprised to see Schey’s reports on the desks of his German counterparts
at the Deutsche Versuchsanstait fir

fifahrt {DVLL** During the war Schey
advocated abandoning the NACA Roots-
type supercharger, which he believed

would not be as effective at high altitudes
as the turbosupercharger designed by
Sanford A. Moss at General Electric.'S He
was correct.

Schey's group was the last of the
four sections of the Langiey Power Plants
Division to transfer to Cleveland, in July
1943. Interviewed at that time by the
laboratory's newspaper, Wing Tips, Schey
declared unequivocally that the super-
c%arge* was so essential that his division
was "looking forward o0 a not distant
future when they will be asking you not
‘What kind of supercharger have you got
on your engine? but ‘What kind of engine

have you got on your supercharger? "*®
Ben Pinkel, one of the NACA's Oscar Schey, Chief of the Supercharger Division.

?eadm(, propulsion experts, directed the
NACA's research on the exhaust gas turbine, another name for the turbosupercharger. Pinke} had
come to the NACA in 1931 from the unzve'sztv of Pennsylvania with a degree in eiec*:rzcai
engineering. In 1938, when Pinkel was appointed head of the Engine Analysis Section, it had a
staff of three. By 1942, Pinkel's division had expanded to over 150 people. Although facilities were
lacking at Langley, as soon as the Cleveland Laboratory was ready, Pinkel's Thermodynamics
Division launched a strong program to improve exhaust gas turbines. In a talk to the staff, 2il of
whom, he mmorouszy remarked, demonstrated the principie of '‘heat in motion,” Pinke! i-
luminated the importance of their work to the war effort. Adding 2 turbosupercharger o the
engine of the 3~?7 “Flying Fortress/” once thought obsolete, had made it 2 high-speed, high-
altitude airplane. ''This caused considerable excitement at the time because there wasn't 2 pursuit
ship in the airforce that could keep up with it!"}" Testing in 1939 by Ben Pinkel, Richard L.
Turner, and Fred Voss confirmed the predictions of 2 German, Hermann Oesirich, who sugces’ced
that the horsepower of an engine could be increased by the redesign of the nozzles of h
rplane’s tailpipes. The Power Plants Division became an advocate of “‘exhaust stacks’ added *o
the tailpipes of aircraft. Once they were adopted by the aircraft manufacturers, they led to
ramatic increases in performance fighter planes, inciuding the North American P51 and the
British Spitfire.*®
Laboratory staff was less enthusiastic about its work on the Allison iquid-cooled engine.
Although many of their research programs were simply a carryover of work begun at Langley,
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Army Research Authorization E-1 to improve the power output of the Allison-1710 engine was dif-
ferent. Issued in October 1942, it was the laboratory’s first new research project.’® Hap Arnold,
Chief of the Army Air Forces, counted on the Cleveland iaboratory to assist in the redesign of the
Aliison supercharger and intercooler.?® Three engines were sent to the laboratory. Schey's divi-
sion investigated the supercharger to give it better performance. Rothrock's division explored its
limitations in terms of knock; Pinkel's division took on the probiem of cooling. Moore's Engine
Components Division improved the distribution of fuel and air in the carburetor.

The Allison engine, however, never met the expectations of the Army Air Forces. The
Cleveland Laboratory’s work on the Allison engine increased its horsepower through the use
of water injection and supercharging. However, from Ben Pinkel's point of view, this work

& technician readies the Allison V-1716 for test on one of the dynamometer test stands in the Engine Research
Building.
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was a “'tremendous waste of effort” because of the basic flaws in the engir e design.** Only

after the Army substituted the British Merlin engine, in the P51 Mustang did the United State

finally have a fighter for high-altitude flight 2

THE ALTITUDE WIND TUNNEL

As the Altitude Wind Tunnel neared completion in October 1943, Abe Silverstein trans-
ferred to teke over as the head of the new Engine Instailation Division. Of those who made the
trek from Langley during World War 11, it was Silverstein, the aerodynamicist, not a member of
the original Power Plants Division, who would leave an indelibie mark on the technical } history
of the laboratory. A native of Terre Haute, Ind., Silverstein had graduated from Rose Polytechnic
Institute in 1929 with a degree in mechanical engineering. When the NACA hired him, he was
assigned to work on the design for th m.-scaie tunnel. Silverstein guickly immersed himself in
the project that launched his career. With the tunnel compieted, S:?verstein landed the job as head
of the tunnel's research program, largely devo~ec to measuring the drag and performance
characteristics of specific airplanes. His first paper, published in 1935, tackled the problem of
wind tunnel interference with reference to wing placement and downwash at the tail.®®

Hap Arnold wanted the new Altitude Wind Tunnel pressed into service at the earliest possi-
ble moment.?* Had better German facilities for altitude research contributed to their engine
superiority during the early vears of the war? Wright Aeronautical and Pratt & Whitney were
developing increasingly powerful engines, but the achievement of adequate engine cooling eluded
the efforts of the overburdened engine companies. Only through full-scale testing in the new wind
tunnel could these problems be analyzed and solved. With the amount of electricity required to
operate the tunnel for 2 single test eguivalent to the daily needs of a small city, no single engine
company could have afforded to build and operate it. Yet full-scale engine testing thrust the NACA
square’:y into development, heretofore the bailywick of industry. With such a large and expensive

facility, would the NACA be able to return to fundamental research at the end of World War 117

While the zerodynamics of the tunnel were worked out at Ames, A. W. Young arc L. L.
Monroe took charge of overall design and construction, an undertaking that presented unusual
engineering challenges.”® Steel shortages deleyed the fabrication of the nickie-steel shell of th
tunnel. Bven after a review of the orzgma; plans by Beverly G. Gulick reduced the structural steel
requirements by 250 tons, it was difficuit to pry steel loose from the federal procurement system
until the tunnel’s rating was changed to priority. One of the fruits of the cordial relations that Ray
Sharp had established with the Chamber of Commerce was the temporary assignment to the
NACA of Clifford Gildersieeve. When procurement reached a crisis in April 1942, Gildersieeve
was able to expedite delivery, and construction was begun in July 1942 by the Pittsburgh-Des
Moir-es Steel Company.

rt of the expense and complexity of the tunnel resuited from its requirement for an exten-
sive refrxgerat;o; system to serve both the Altitude Wind Tunnel and a smaller Icvng Research
Tunnel, added to the plan during construction. Although the NACA excelled in vina tunnel
cdesign, the refriger atmc equipment and heat exchanger for the tunnel were beyond its technical
expertise. More comfortable approaching the problem from the point of view of aerodynamic
rather than heat transfer, NACA engineers originally proposed a scheme of cooling coils consist ing
of streamlined tubes. When progress on the design faitered, the NACA turned ‘o the Carrier Cor~
poration and its founder Willis H. Carrier. Carrier, the "father of air conditioning,’ was at frst
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Top: The Altitude Wind Tunnel urgently needed for fuli-scale engine testing. Bottom: Innovative Carrier com-
pressors chill the tunnel’s azrs‘ream,

. .

*eAuct nt to et als aiready overburdened company undertake yet another war-related task, but he

finally agreed. When the job was finished, he had no regrets. He viewed the NACA project as his

.Afe s greatest engineering achievement. Not only did it break new ground in terms of a large-scale
gineering feat, but it enabied Carrier to put his skills to work for his country. He proudly wrote

tha* "because of its success, high officials in the Air Force toid me that Worid War II was short

ed by many months.?®
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Carzrier urged the NACA to gbandon streamiined tubes and to accept his proposal to use
"Jackknifed" sections of coils, ‘"folding them down like a collapsed accordion until the coils fitted
into the tunnel.?” Turning vanes were added on the downstream surface 1o st raighten the flow.
To get the NACA to accept his design for the heat exchanger, Carrier went straight to Vannevar
Bush, who was then Director of the Office of Sczentz::c Research and Development {OSRD, 2
special agency created by President Roosevelt to tap the scientific talent of the country. Bush
called 2 luncheon with Jerome Hunsaker, the new \ACA Cha““.an, and Lewis. Carrier revealed
& iow opinion of the NACA's initial design:
Dr. Lewis asked me if I thought the tests on the streamline coils at Langley Field had
vaiue. My answer was not polite, and I'm afraid I scared our representative by my
outburst. I told Dr. Lewis that the boys conducting the tests did not know what it was
ail about, and that too much money and, of more importance, too much time had been
wasted aiready. ""Heat transfer experts shouid be cailed in’ I told him and suggested,
among others, Professor William H. McAdams of Massachusetts Institute of
Technology.?®

So unusual was the NACA project that the Carrier Corporation had to use many entirely
original components, which they built and tested themselves. Although Carrier gave little credit
to the NACA, the sometimes heated give-and-take that occurred oetween the NACA staff and the
representatives of the Carrier Corporation contributed to the design of the remarkable ?:.eat ex-
changer and compressor. Carrier decided o use freon-12 as a *ef*zgeram and redesigned th
famous Carrier centrifugal compressor to be used with it. Carrier realized that, although the wind
tunnel was a one-of-a-kind installation, the new compressor might have commercial applications

ter the war. In fact, it later became one o"' the company's standard products. Moreover, Carrier
recognized that gains in terms of prestige in the engineering community more than made up for
the headaches. Postwar Carrier publicity featured the tunnel.?®

Wkile construction siowly proceeded, problems with the Wright R-3350 Duplex Cyclone
became criticai. Development of the R-3350 had been troublesome from the start. Its powerful
supercharger, an indication of Wright Aeronautical’s aova*ucec work in this area, caused the car-
bureter to maifunction. The attempt to switch to fuel injection in 1941 did nothing to solve the
carburetor D-*ob=ems The engine's ignition was faulty; oil leaked excessively; cviinder heads ble
aimost as soon as the engine turned over. Worst of all, the engine overheated and caught fire in
flight.

rnold was counting on the B-29 Superfortress, powered by the Wright R-3350, for th

trategic bombing of Japar {rom the China mainiand. When the engine caused the crash of a pro-
totype in February 1943, it placed Arnoid’s plans in jeopardy. In October, with the problems not
yet soived, Arnold informed President Roosevelt that the bomber would not be ready to be sent
to China until March or April of the next year because of 2 "‘holdup in production of engines, 3
Roosevelt was furious. He wrote to General George Marshall that this was the ''last straw.°* The
engine situation was now at the point of crisis. Still the Altitude Wind Tunnel was not ready for
fuil-scale testing of the Wright R-3350

Engineers at the Cleveland zaboratory knew only that the perplexing problems of this com-
piex engire had to be untangied. The group under Stan Moore discovered that, with a new spray
bar, fuel and air mixed more efficiently in the carburetor, and cooling improved. However, there
was no time to redesign components for engines in production. The Engine Researck Division,
supervised by John Collins, studied the valves of the engine and discovered that an extension of
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A representative from Wright Aeronautical instructs staff on the principles of the radial engine.

the cylinder head by the addition of a small amount of metal avoided the excessive heat that
sometimes caused the valve to coilapse. This was a "'fix’ that parts manufacturers like Thompson
Products, which supplied Wright Aeronautical, could implement immediately.®

As tunnel construction slowly inched forward, engine technology was about to be
transformed by a new propulsion system. Ironicaily, when the elaborate Altitude Wind Tunnetl
was at last ready for its first test run in February 1944, the 116, 2 turbojet secretly developed by
the General Electric Company, took priority over the Wi ight R-3350. The entire fuselage of the
Beil Aircraft 594, with its wings sawed off into stubbs, was squeezed into the tumei $ cavernou
space.” This secret test of the I-16 foreshadowed the laboratory’s radical transition to jet propul-
sion after World War I1.

Technicians prepared the Wright R-3350 for the tunrel’s first official tests in May. Testing
soived many of the e;.gme s problems. Abe Silverstein's group, in charge of engine installation and
testing, found that when they adjusted the cowiing of the engine and extended the baffles that
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directec the air around each cylinder, they detected a dramatic increase in the engine's ao*hty to
cool effectively. One enthusiastic Carrier emplovee claimed that the tunnel was so effective th
in ten days of testing “the entire cost of the tunnel was Wcapgured during this brief period of its
operation.'**

By spring 1943, it was apparent that the program laid out by the for the Cleveland
izboratory was “calculated to solve detailed difficulties rather than furmsn foundations for new
progress.” At least one member of the Power Plants Committee bemoaned this exclusive concen-

tration on "trouble shooting.” He urged the NACA to develop "2 program 'o"omis'u‘c new progress
rather than mopping up ground already covered.'® The laboratory dxu find the "guick fixes"
needed to keep engine production *novkng, but it is one of history’s ironies that jet propulsion
would render obsolete most of the § czhtzes so carefully planned by George Mead's special com-
mittee. It is sy.u’oohc that America’s first turbojet, rather than a piston engine, had the honor of
the first test in the Altitude Wind Tunnel. In 1944, with victory in sight, the limited focus of NACA
wartime engine work was clear. George Mead, with perhaps a a twinge of remorse, wrote to Sam
H’eron' "This war has certainly been a vindication of the two-row, air-cooled radial engine and of
the two-speed, two-stage supercharger, so that I feel the work done here was not in vain.'®® Yet,
the facilities they designed were obsolete by the end of the war.

BUILDING AN ESPRIT DE CORPS

Almost without exception, the staff of the new laboratory came from outside Cleveland.
Addison Rothrock and Ben Pinkel took advantage of their long and lonely evenings in a new city
to expose new personnei o the nature of engineering research—not omy the specific urgent prob-
lems that they would be required to solve during the war, but also the nature of fundamental
engineering research in the NACA ftradition. Just as the NACA had created an aeromautical
research community at Langley in the years between World Wars I and II, they hoped to see 2
new propulsion community put down roots in this midwestern industrial city.

On Wednesdays at 5:00 sharp, the research staff met to hear ioctures on various aspects of
engine research. New staff members were expected to take an active part in the discussions tha
followed each formal presentation. One of Rothrock's first lectures illuminated the purpose of the
laboratory. He defined the common values shared by members of the government research com-
munity and what distinguished the NACA engineer, who identified with the e engine Vommun:ty
as a whole, from the more narrow loyalty to his company of an engineer employed in industry.

He pointed out that, in terms of equipment for engine research, the Zaboratory was probably
superior to any found in the world; but, he warned, no matter how good the facilities, it was th
guality of the staff that counted. No amount of investment in facilities could make up for
mediocrity. He advised the "'fresh outs,” who far outnumbered experienced engineers, that the
way to get ahead was to become an authority on one aspect of an aeronautical probiem "so that
when anyone thinks of this particular phase of the field of aeronautics, he thinks of vour name.”
Teamwork was more important than the genius of one particular individual—'"no one of us, or any
group of us, has any corner on the brains of this organization.’ Honest technical disagreements
were inevitable and usually demonstrated a lack of data, not a lack of expertise.

Rothrock advised the young engineers to respect the technicians who won\ec for them. "Let
them know that you want your job accomplished, but don't try and bulidoze them into doing it
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People in engineering support services had the uncanny abiiity to bring an engineer's rough
sketch on the back of an envelope to life.

Rothrock stressed that what he looked for in an engineer was the ability to think logically
and to plan step-by-step tests to yield accurate and concise data. Jjoined to the ability o conceive
a test was the need to analyze the data. Anyone could report date, but few could take the new
information and draw broad conclusions to show the way "'this small group of pieces fits into the
main picture!” Finally, the new knowiedge had to be published in z report that could be
understood and used by industry.%7

Because knowledge is the end product of a research laboratory, the preparation of th
research report received special emphasis in the orientation of new engineers. Pear! Young
described the role of the Editorial Office in assisting engineering authors to present their data
“tactfully, strategically, and with telling force.'3® These were the words of an editor who knew
that the readership for the NACA report was the aircraft industry. Unless the report was accurate
and well organized, innovations carefully proposed by the government researcher after laborious
testing would go no farther than the bookshelf. Young had high editorial standards. She brought
the traditions of the Langley Editorial Office to Cleveland and trained its new staff—among them
Margaret Appleby, 2 woman of grace and efficiency, who later headed the office from 1951 until
her retirement in 1987.

The preparation of a NACA report was a iong process--so long that some industry represen-
tatives complained that they did not always receive them in fime o be useful, F irst, a report was
reviewed carefully by a committee composed of the writer's engineering peers. After revision,
authors were assigned to an editorial clerk, responsible for reading rough drafts and checking ac-
curacy. Young described the painstaking labor of preparing a report, which was “‘checked and
rechecked for consistency, logical analysis, and absolute accuracy!'® The point of publishing
reports was o communicate new knowledge to industry to be used to improve engine designs.
However, the shop tricks, instruments, or techniques developed to analyze a problem were not to
be shared with industrv. “Antonio Stradivari,” George Lewis warned, “‘made a success by making
the world's finest violins and not by writing articles on how others could const uct such in-
struments."“? The NACA made its music by honing and keeping the unigue Xnowledge of instru-
ment specialists like Robert Tozier and Isidore Warshawsky within its wails. Later, when the
NACA became part of NASA, this in-house philosophy would change.

Although the shaping of the professional staf had the highest priority, careful attention was
also given to the training of the support personnel by Ray Sharp himself. To recruit alert and able
young men from Cleveland area technical high schools, he created an “Apprenticeship School”
modeled on the one he had started at Langley. Apprenticeship offered an avenue to learn a trade,
such as carpentry, forging, casting, and other skills necessary in a laboratory. The apprentices
developed their own esprit de corps. In addition to on-the-job training, some 80 youths were given
formal courses in physics and mathematics, and careful records of each apprentice’s progress
were kept. Apprenticeship was ''the process of passing manual skills and necessary related
knowledge from one person to another’’ This continuity guaranteed that this proud NACA shop
tradition transmitted from Langiey through James Hewkins, and later carried on by peopie like
Willlam Harrison, would continue. However, the apprenticeship program could not prevent a
serious wartime shortage of skilled machinists and tool makers because NACA employees could
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not be protected from the draft until 1944, when new legisiation changed the selective service
policy. NACA employees were then inducted into the Alr Corps Enlisted Reserve and placed on
inactive status.
As Cleveland's industrial plants expanded, the NACA had to compete for personnel with
companies such as Thompson Products, Eaton Industries, and Cleveland Pneumatic. A new plant
to be operated by the Fisher Body Division of General Motors near the airport created an addi-
tional need for no fewer than 25,000 skilled workers. As the draft claimed 80 of 85 origina! ap-
prentices in the program, the head of Technical Servi ces summed up the laboratory’s problem
when he wrote Qia’n ively in the laboratory newspaper that "'idle equipment oieaas for men/™*
So acute was the shortage of skilied machine operators, e*ectvcﬁaz‘s metal workers, and “
strument technicians that the laboratory made a strong effort to hire women for jobs normally
teken by men. However, women ce'zeraﬁv worked in a support capacity, not one of direct
engineering responsibility. A few women with college degrees in physics and chemistry managed
to enter the professional ranks, but at a time when technical schools were producing few women
graduates, women with degrees in mechanical engineering were extremely rare. With a shortage
of engineers fo solve pressing technical problems in aircraft propulsion, women were viewed as
useful for relieving the engineer of his more repetitive tasks. “Behind the research engineers who
are working on these problems must be ready hands—wormen's hands, a press release stated.
The laboratory offered a one-vear training program for women with “‘mechanical aptitude’’
with starting salaries of $1752 per year. This was the same salary paid to '‘junior aviators'~boys
under 18 who built model airpianes for the NACA. AxtnouO“ the machine shop was staffed largely
oy men, about 23 women were emploved to work the lathes and driils.
The staff had strong reservat;ous about the long-term benefits of employing female workers,
who were expected 1o return to homemaking after the war. One emplovee commented in the
laboratory's newspaper that the trouble with the female worker was that she lacked “aptitude,
ambition and perseverance’ and changed jobs “'with no consideration of the valuable time skilled
journeymen spent in training her!” Men he argued, chose nonrepetitive work because it “'feeds
the ambition," while women preferred ''repetitive piecework” to spare themselves mental
effort. %
The utilization of women in their supporting role was care‘m.y documented. In 1943 there
were 232 women empiloyees at the Engine Laboratory; in 1844 their number had increased o 412,
“indicative of the desire of the management to replace men with women where they can be used
at tneir highest skill'’ The laboratory made an effort to recruit women chemists, engineers, and
mathematicians, bu+ few professional women were attracted ‘o the laboratery during the wer
years However, there was a place for women without special training to relieve engineers of
“routine, detailed work.” The engineer did the bramwork: ke planned his tests and made the
preliminary designs for his test equipment. Once he had broken dow'z the job into a logical series
of small steps, women couid take over. This was particularly true in the Computing Section,
which ernp.oved about 100 women. Women were used during wind tunnel testing as 'data
takers!" Probes affixed o the object under test to measure pressures provided data recorded in
mercury-filled glass manometer tubes mounted on a wall near the tunnel. During the test a tube-
pinching technique trapped the mercury in the manometer tubes when the desired operating
po*nf was reached. Another method to garner test data was to photograph the manometer board.
Female ''computers’” then plotted the data on graphs for analysis by the engineer. The NACA
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preferred single women because they had fewer family demands, and they were less likely to
object to working at night, when many of the tests were run.*® The gender-based division of
iabor during World War II set the pattern for the future. With few exceptions, women remained
“computers'’ or secretaries until the 1960s, when the demand for skills in computer science made
salaries more competitive, and men were hired in this area for the first ime. It is no coincidence
that Margaret Yohner, the first female division chief, came not from the traditional male divisions
but from the ranks of the '‘computers.”

The newspaper Wing Tips bound the laboratory community together. Engineer and appren-
tice, women and men, new arrivals and oid hands from Langley, all eagerly awaited this lively
amateur production. The first issue, distributed in October 1942, was turned outon 2 mimeograph
machine by employees with a sense of mission as well as humor. It was used %o acquaint new
employees with the rich tradition inherited from Langley. Pear] Young wrote a series of articles
devoted to "The Place of NACA in American Aviation” She pointed out that in five years the staff
had grown from 400 to 4000. She explained that, while the NACA was weill Xnown in aeronautical
circles, it was nearly unknown to the general public. This was by choice. "A research orgarization
not in business to make money, gains nothing by blowing its own horn, and the results of a slow
accumuiation of fundamental knowledge does not often produce spectacuiar resuits!’ Never-
theless, the NACA cowling and the family of low-drag air foils developed by Eastman N. Jacobs
were impressive contributions to aeronautics. Young spurred the new recruits to identify with thi
tradition as they were assimilated into the organization. “There are just as many aeronautical
research problems for you to solve by the appiication of brains and hard work as there were on
the day Orville Wright piloted the first airplane at Kitty Hawk in 1903 This remark was

Staff in the machine shop.

WinziivmL, Faisl
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Wartime social life centered around the laboratory.

prophetic of the engineering challenges of jet propulsion that awaited these young engineers after
the war.

Wing Tips combined employee education with interesting quasi-gossip in the form of *‘Lob-
by Lines/ by Mary Lou Gosney. Her central post as *eceot onist in the lobby of the Acdministra-

tion Bulicing made her an information crossroad. In addition to devoting space to articles on ad-
ministrative changes, specific research projects, and social and sporting events, the newspaper
portrayed the colorful Langley 1 oersona;tzes as they assumed leadership after the “trek” from
Langley. The pages of Wing Tips reflected a "do-it-yourself” attitude when materials were scarce
nd the hours long. Enthusiasm for hard work and cooperation overcame the problems of a
critical housing shortage, rationing, and forced ca ~poolxno.

Because of the vouth of the s‘a £, most of whom came to the laboratory unmarried, after
hours socials and sports clubs were important in creating an esprit de corps. There were enough
dispiaced New Yorkers from the City Co“ege of New York to support an alumni group. Not sur-
prisingly, the laboratory celebrated a large number of marriages among employees in its early
vears. NicNACA, a volunteer group elected by the staff, put on dances and parties. The staff
mar &ed the compietion of each new building with a social event. When the Machine Shop was
ready, it was transformed for one evening into a roller rink. The laboratory provided plots for Vic-
tory Gardens and organized enormously successful War Bond and Red Cross fund drives.

Although the Langley contingent shaped the engineering culture of the new engine
laboratory, their NACA traditions tock root in urban soil. Uniike the contempt of native Hampton-
ians for Langley's "NACA nuts,” Clevelanders regarded the new federal facility as a feather in the
city's cap. The staff partici oated in community activities from leadership of Boy Scout troops to

ariety show benefits. The cordiality of the city-leboratory relationship was due in no smal
measure o the efforts of Ray Sharp, who promoted the invoivement of Zoca'i, state, and ‘eae*a*
oificials in the well-being of the laboratory—a vital link sorely missed in the 1870s, when the
iaboratory couid no ionger take Congressional support for granted.
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Meny of these officials formed their first impression of the new Alrcraft Engine Research
Laboratory on May 20, 1943. Despite threatening weather and 2 “'mud soup’” surrounding the
new buildings, the whole laboratory turned out for the outdoor dedication. They were regaled by
speeckes by NACA and military representatives on th iaboratory’s future role in advancing avia-
tion. Mayor Frank J. Lausche hoped that the laboratory would be a boon to Cleveland’s industries.
"We were the cradle of the auto industry, but we lost it/ he lamented. '"We don't intend {0 have
the same thing happen again'’ At the ciimax of the ceremony William T. Holiiday, head of
Standard Oil, solemnly presented the American flag to John Victory on behalf of the Cleveland
Chamber of Commerce. Victory laid it in the hands of Ray Sharp. As a recording of the Star
Spangled Banner was played, the flag was solemnly raised. Orville Wright, who attended the
ceremony with other members of the Main Committee, wryly commented to the Cleveland Press
that some 40 years ago he and his brother had worked in a ‘'mite smaller lab.*3

The enduring legacy of the war years was the creation of a new propulsion research com-
munity that cut its teeth on the piston engine, and through its participation in solving wartime
engine problems, absorbed NACA traditions that would continue their hold on the iaboratory well
into the space age. The piston engine provided a solid apprenticeship. Combustion, heat transfer,
and the perplexing aerodynamic problems of the supercharger offered a strong foundation on
which to tackle future problems of jet propulsion. A young and eager staf, led by a few seasoned
Langley hands, stood poised on the edge of 2 new era.

When the laboratory was dedicated on May 20, 1943, the NACA Main Committee met in Cleveland. Left to
right: Charles G. Abbott, Major General Oliver P. Echols, William E Durand, Orville Wright, Jerome C. Hun-
saker, Theodore P. VWright, Rear Admiral Ernest M. Pace, Francis W Reichelderfer, and Lyman ]. Briggs.
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McFarland, ““The H. H. Arnold Collection,” LC O Quarterly Journal of Current Acguisitions, IX i4:171~181.
At the time of the UA.Acoe'g:z interview, Arnoid was Assistant Chief of the Army Alr Corps. He s\.cceeob
ed Westover as Chief of the Army Corps in September 1939. He was n named Chief of the Army Air

Forces in 1941, Commanding General in 1942, and Full General in 1943

By the end of the wa;, the performance of Pratt & Whitney's R-280C was equal to that of the BMW-801,
but not before §ix A.‘pLete engine failures and 26 part.a‘ ailures had caused ‘347 :;gn’:e*s 10 crash.
Arnoid urged that "drastic measures be taken to *emcay such a terrible situation.”’ rai Arnold to
General Echols, “Engine Failures of P47’s/’ 17 April 1943, H. H. Arnold paye's 42/ ro, Manuscript
Division, Library of Congress. See also Robert Schlaifer, The Development of Aircraft Engines | Bosto
Gracuate School of Business Administration, Harvard University, 19501, p. 23C; note 21, p. 523,

% Arnold to Hunsaker, 14 October 1942, National Archives, Reco*c Group 255, 62-A-411. Copy in n NASA
History Office Archives. Debate over the engme sitaation in the Power Plants Commitiee resulted in
2 stinging response to Arnold's charges by Arthur Nutt of V\r”c Aeronauti Ca. an Leonard S. Hobbs
of Pratt & an,ev Hobbs went so far as to insist tna a long 'eoutta. e inserted in the revised minutes
of the meeting. The Army Alr Forces, he argued, had demanded speed "io the exclusion of other
qualities, and as far as he knew, they had obtained it." He feit that there was a basic fallacy in Arnold's
assessment of the nation’ s engme needs. Small engines would never be superior to large ones, and he
believed that reliance on “small engines to even maiy get the initiative and step above the Germans was
simply the continuation of a basic error which could not be corrected by anv kind or amount of col.cen-
trated iaboratory work)' Minutes of the Power Plants Cou.mmee 11 December 1642, Nafon
Archives, Record Grow ip 255, Power Piants Committee Files. For an e\arnpze of prewar NACA f"v-
damentel engine *esearc*., see Oscar W. Schey, Ben:a‘..i“ Pinkel, and Herman H. Eller brack, Jr, "'Cor-
rection of Temperatures of Air-Cooled Engine C\m iders for Variation in Engine and Cooling Condi-
tions,” NACA Technical Report 643, 1936.

IJT“

vors

Helen Ford, m Historical Viewpoint" Letter to Miss Scott, 23 December 1942, in History looseleaf,
NASA Lewzs Recorcs.

* Rudolf ¥ . Gagg, "'State of the Work on ‘he Aircraft Engine Research Laboratory of the National Advisory
Committee for Aeronautics,' il February 1941, NASA Lewis Reco. ds, 34/110.

2
™

[¢1]

A

Interview with the author and notes courtesy of Charles Stanley Moore, ¢ August 1684,

® Transc ript of interview with Ben Pinkel, 4 August 1985, p. 4.

vy

Letter from Ray Sharp to Vera Sha*:), 28 December 1841, Private Papers of Mrs. Edward R. Sharp.
Biograpmc«i information on $h arp from Roland, Mode! Research, D. 175; Cleveland Press, 23 September
1942; miscelian 2e0us clippings anc press releases from Sharp biographv file, NASA hAs‘o'v Office;
Robert Graham, "Four Giants of the Lewis Research Center)” XASA TM-83642. On the cost-plus-a-

fixed-fee, see Richard Polenberg, War and Society {Philadelphia: ]. B. Lippincott, 1972}, p. 12-13

$ Boys Grown Tull, A Story of American Initiative, 2 book privately pubiished by the C:evefarzd Plain Dealer,
1944, p. 41-42. Case Western Reserve University Arc ives.

¥ The Wrzg.& -2600 engine was p*oc“cec at the company's new Lockiand plant near Cincinnati, Ohio. Prob-
iems may have been caused by smercnarge' cev&onment begun in 1937 a’ er the eubznc was in pro-
duction. In addition, Wri right had to switch to the Holley carburetor around 1941 because of cooling
probzems See Schiaifer, The Development of Azrcrafc Ercnres . 525, note 23. However, its probiems ap-
pear ultimately o be traceable to production, not design. An investi tigation, carried out 5 April 1943 bv
R. A. Lovett, Assistant Secretary ¢ War, conciuded that ma:*agement was not competent, especially in
the lower echelons; defec“ e materials ﬁa ised corrosion and rust of cylinders; and inspections were

faulty. A second investigation carried out by Senator Harry Truman resulted in a shift in production at
the Lockland plent from the R-2600 to the R-3350 on 26 February ;9»4 Documents can be found in
the ASC History Office, Wright Patterson Air Force Base, Dayton, Ohi

S Biographical information on Carlion Kemper from Wing Tips, 8 }auaary 1942, NASA Lewis Technical

L;Orary.

[93]
~}



ENGINES AND INNOVATION

** Gray, rr<>rmers of Flight {New York: Alfred A. Knopf, 1948}, p. 241. The Miller camera wes also used in the
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Late in 1943, when the first turbojet engine was brought to the Cleveland laboratery, the en-
tire subject of aircraft jet propulsion was so secret that tonly eight members of the laboratory staff
were aware that the British and the Germans had actually flown aircraft powered by this radically
new type of engine. Ben Pinkel, Chief of the Thermodynamics Division, recalled that he and
seven other members of his division were summoned to the Administration Building to a special
meeting with Ray Sharp and Colone! Donald Keirn of Wright Field. They were sworn to secrecy
and told the remarkable story of how the United States had obtained 2 valuzble piece of
technology from the British—the plans for the Whittle ¢ wrbojet engine.’

Keirn reported that in April 1941 General Arnoid had learned during 2 visit to England of
the development of 2 turbojet engine by Air Commodore Frank Whittle. At 2 meeting at Lord
Beaverbrook's estate outside London, Arnoid was surp prised when his host, Churchill’s minister
of aircraft production and one of his most intimate advisors, turned to him aw aid, "What would
you do if Churchill were hung and the rest of us in hiding in Scotland or being run over by the
Germans, what would the people in American do? We are against th -~40htzes+ army the worid
has ever seen.” Those present at the r“eet’nc agreed that Germany could invade England “anytime
she was wzii.no to make the sacrifice.® This was the context in which Great Britain agreed o
turn over the plans for the Whittie mrooje' engine, provided utmost secrecy were maintained and
a strictly limited number of persons were involved in ifs development. Arnoid personally in-
spected the Whittie engine several weeks before its first flight and arranged to have General
Electric’s Supercharger Division at West Lyan, Mass., take on the American deveiopment of Whit-
tie's prototype. Arnold selected Bell Aircraft of Buffalo, N.Y., to work cor rcurrently on an airframe
for a fighter, or pursuittype aircraft.’

Arnold dispatched Keirn to England in August. He returned two months later with the plans
for the Whittle W2B lan improvement of the original modei}, and an actual engine, the WiX. In
addition to the plans and the engine itself, Keirn arranged to bring to the United States one of
Whittie's engineers and severa! technicians. Frank Whittle himself, the new engine's designer,
visited the :>ro3ect durzng the time of intense development at General Electric's Supercharger
Division at West Lynn, Mass. So new was the concept of a compressor-turbine combination pro-
peliing an airplane u.at, ever with the plans and the reassembled engine, the supercharger experts
remained skeptical. The British engineer recalled that “'until we pushed the button and showed
this thing running, the Americans wouidn't believe it would work”* The General Electric group
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succeeded in transiating the British specifications and produced, not without difficulty, an
American copy of the Whittle engine.

Arnold’s selection of the General Electric Supercharger Division was no coincidence. In
1917, at a time when there was a general lack of interest in saperc}*argevs Sanford Moss
pioneered the development of a turbosupercharger, a turbine that utilized the waste gases in the
engine exhaust, a concept first advanced by the Frenchman Auguste Rateau. At General Electric's
West Lynn Plant this work continued under Army sponsorship until Moss retired in 1937. Part of
the success of the General Electric turbosupercharger must be attributed to the development of
materials for the turbine. Special alloys, such as Hastelloy B for the turbine o.aaes Timkin alioy,
and later Vitailium for the turbine disks, enabled the turbine to withstand the extreme
temperatures of the gases that passed through it.®

Colonel Edwin R. Page, Chief of the Power Plant Branch at Wright Field from 1926 to 1932,

piayed an importent role in encouraging Moss's work. Page caimly kept faith, despite what
ppeared to be an enormous waste of goverment funds, while turbines at General Blectric expiod-
ed to the right and left of him.® Because of his association with the development of General

Electric's supercnarger the Army called on Colonel Page to nurture the relationship between
General Electric and the fledgling ‘\ACA laboratory in Cleveland. He was appointed the
laboratory’s first Army liaison officer in May 1943.

So secret was the development of the Whittle engine that o*ﬁv after the classification of the
project was downgraded from “‘super-secret” to 'secret’’ early in the summer of 1943 was Keirn
allowed to inform the NACA of this important project—over two years after Arnold's visit to
England. Keirn furnished the select group at the meeting in Sharp’s office with a set of plans by
General Electric for a Jet Propulsion Static Test Laboratory, which was begun in July. Pinkel
picked Kervork XK. Nzhigyan to head the new Jet Propulsion Section.

In September contractors had hastily completed an inconspicuous one-story building at the
Cleveland laboratory. It was surrounded by a barbed wire fence at the edge of the airport’s run-
way. A heavily guarded truck delivered the General Blectric I-A for testing.” The Static Test
Laboratory consisted of spin pits lined with wood to protect workers from the dangers of biades
fiying off in all directions when engine compressors reached their lmits during endurance testing.
*he secret work carried on in this modest structure, set apart from the carefully designed perma-

ent laboratory buildings for the investigation of the piston engine-would, after the war, become
Lhe major effort of the entire laboratory.

If the success of the Whittle engine was news to the group in Sharp's office, the jet propul-
sion concept was not. Pinke! and Nahigyan had assisted work at Langiey on a jet propuision
device, inspired and directed by one of the NACA's outstanding aerodynamicists, Eastman Jacobs.
The Army had unceremoniously canceled this project the previous February.

Before World War II, many experts throughout the world shared the assxzm:;hor: that better
aircraft engines would result from small improvements of the components of the piston or
reciprocating engine. Because the aircraft engine was an adeptation of the automobile engine,
radical innovations were expected to appear first in the automobile engine. Roy Fedden, then an
engineer for the Bristol Aeroplane Company, wrote in an article ironically titled, ""Next Decade's
Aero Engines Will Be Advanced But Not Radical," published in the Transactions of the Society of
Automotive Engineers in 1933: “Ido not anticipate any radical changes in the type of four-cycle
internal-combustion engine as used today... When the present form of gasoline engine is
superceded by a radically different power unit, it seems logical that this development will most
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probably be accepted first in the
automotive fieid before it is introduced
into aircraft.’® Fedden's prediction was
wide of the mark, for it was precisely
Whittle's independence from the
automotive background of traditional
power plant experts that enabled him to
seek a new engine uniguely suited for
flight.

In 1940 the sections within
Langiey's Power Plants Division reflected
the conventional, incremental approach to
the reciprocating engine. Unconventional
power plants, radically new means of air-
craft propulsion, had no place in the
research of the division. Typical of the
evolutionary rather than revolutionary,
approach to engine development during
the 1930s was the study of the fin

4

geometry necessery to cool individual  gmors appointed Colonel Edwin R. Page to be the Army’s
cvlinders. NACA research suggested  liaison with the laboratory in 1943 because of his expertise
in turbosupercharger development.

methods to improve the baffles and
cylinder shrouds to direct air around the
cylinder for better cooling. One of the important reports issued by the NACA in 1939 concerned
& method for predicting how much engine temperatures would fluctuate as the ambient air
temperature changed. Cyiinders from sever engine types were compared to establish this predic-
tion method.”

The architects of the turbojet revolution, however, did not inherit the evoiutionary approach
of automotive engineers. Whittle and Hans von Ohain {who developed a turbojet independently
in Germany} were able to look at aircraft propuision with a freshness lecking among the engine
experts in Europe and the United States. The positive gualities of flying the gas turbine made up
for the deficiencies observed in stationary industrial turbines. Whittle wrote: ““There seemed to
be a curious tendency to take it for granted that the low efficiencies of turbines and Compressors
commonly cited were inevitable. I did not share the prevalent pessimism because I was convinced
that big improvements in these efficiencies were possible, and, in the application of jet propuision
to aircralt, I realized that there were certain favourable factors not present in other applice-
tions."*? The first positive factor that he singled out was that low temperatures at high altitudes
actuelly made the engine more efficient. More energy was available to power the airplane.
Second, Whittle thought the forward speed of the aircraft created 2 ram effect, which increased
the efficiency of the compressor; third, only a portion of the energy released into the turbine had
to be used to drive the compressor—the rest could be used for propulsive thrust. These were the

riteria of an engineer-test piiot. Although Whittie also had a strong background in aerodynamics,
it did not pley a significant role in his early thinking.

Jet propulsion was not a new idea when Frank Whittie and Hans von Ohair *ook up the gas
turbine problem.* Every airplane, in fact, is propelied by a stream of air. The forward motion of
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any body through the air depends on Newton's third law: for every action there is an equal and
opposite reaction. In airplanes powered by a reciprocating engine, the propeller creates a jet of
air that rushes backward to drive the aircraft forward. In a jet engine, however, the air is funneled
into the engine, compressed, and heated. The air stream has reached a high velocity by the time
it is ducted out the back end. Jet propulsion devices were conceived as early as ¢. 150 BC. when
Hero of Alexandria designed an aeolipile that produced jets of hot steam to rotate a spherical ball.
In the late 18th century a British inventor patented the first gas turbine aes:gn, and by the early
20th century, 'a.;ougn the innovations of Charles Parsons and others, industrial steam turbines
were in general use for power generation. However, untii the early 1930s Jew dreamed that the
heavy turbines then in industrial use could be made light enough to be fiown. Between the con
cept of a ges turbine and a successful aircraft engine lies the pitted terrain of development.

Successful d ueverp'nem involves a combination of technical ingenuity and determination on
the part of the inventor. A less tangible factor, the role of scientific theory in invention, is more
difficult to determine.’? In the case of the turbojet, the theoretical understanding of the science
of fluid mechanics was far ahead of the ability to design practical machines. Although American
and German theorists had directed attention to an under st nding of the aerodynamics of both
axial and cenirifugal superchargers for aircraft, there is little evidence that this understandin
played a direct roie in the development of the turbojet.

When Whittle began to consider the idea of using a gas turbine to propei an airplane about
1928 to 1929, many engineering experts had aiready concluded that jet propuision had no future.
The report prepared at the National Bureau of Standards by Edgar Buckingham at the request of
the engineering division of the US. Air Service in 1923 was typical of generally accepted opinion.
Buckingham's report concluded that at the highest speeds {which at the time were not more than
250 miles per hour} 2 jet engine would consume five times the amount of fuel of 2 conventional
engine-propeller combination. He thought that its weight and complexity would make flying im-
possible. Buckingham recommended against any further research on jet propulsion, conceding
only that if thrust augmenters could be made workabile, there might be some future for a jet pro-
pulsion device as a prime mover.*’

This suggestion may have encouraged Eastman Jacobs o izke up the problem of thrust
augmenters in 1926. Although this work had no practical application at the time, “this study
stirred in *acobs the beginnings of a strong interest in high-speed aerodynamics!’*¢ As early as
1933, at the Fifth Volta Congress in Rome, Italy, the world's leading aerodynamicists gave serious
consiceration for the first time to the theoreticai feasibility of flight at speeas at or faster than the
speed of sound. A German aerodynamicist, Adolf Busemann, suggested in his Voita paper that a
sweptback wing could soive some of the compressibility problems that aircraft would encounter
at extremely high speeds.’® However, in the 1930s aerodynamicists and propuision experts ¢id
not see how their fields complemented each other. Although theoretically it seemed possible to
fly faster than the speed of sound, a propeller-driven aircraft could never reach the r ecessa*y
speeds. The engine manufacturers were oblivious fo the implications of the high-speed con
ference. According to von Ohain, "it should have scared the kell out of them. .. because that
showed that the airplane, sooner or later, could easily break the supersonic barrier/'*® That would
render the piston engine obsolete

However, contrary to Edward W. Constant’s thesis in The Origins of the Turbojet Revolution,
Whittle and von Ohain revoiutionized aircraft propulsion, not because of a knowledge of
aerodynamics superior to that of American engineers, but through their insight that the

.
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combination of compressor and turbine was uniquely suited as a power plant for flight.*” Although
the potential probier of compressibility as propelier tip speeds neared the speed of sound should
have influenced Whittle and von Ohain, there is little evidence that this relatively unstudied
phenomenon in the 1930s was a factor in their decision to look for a radically new type of power
plant for aircraft. Rather, it appears that both were drawn to the turbojet because of its simplicity
and potential as a power plant specially adapted to aircraft. It was their independence from the
automotive-aircraft engineering tradition that enabled them to think outside the paths of accepted
practice. When they began their work, the aircraft reciprocating engine had become z mind-
boggling example of mechanical complexity. To attain higher speeds, designers added cylinders to
increase power. To compensate for the decreased density of the air at higher altitudes that reduced
power, they added superchargers. With added cylinders and superchargers, cooling became 2
problem solved by the addition of yet another component, the intercooler. In contrast o the dit-
ficult to maintain arrey of components and subcomponents, the turbojet offered the possibility of
a light-weight engine of extraordinary simplicity. The engine, as conceived by Whittie and von
Ohain, potentially could perform better at the higher aititudes that caused problems for th
reciprocating engine, and its efficiency was likely to increase with speed.

Like Whittle, von Ohain started with the idea that flight required a power plant specially
adapted to motion through the air. His enthusiasm stemmed from the insight that an engine that
burned continuously was “inherently more powerful, smoother, lighter and more compatible
with the aero-vehicle”” than the clumsy four-stroke cycie of a piston engine. His first idea was to
“accomplish this process without employing moving machinery by bringing the inflowing fresh

I in direct contact with the expanding combustion gas” a kind of ram jet.*® However, he soon
realized that in order to get an efficient engine he needed to separate the two phases of compres-
sion and expansion. He finally arrived at a turbojet configuration similar to that of Whittle, whose
1930 patent he did not discover until after the development of his own design.’® Von Ohain's
engine powered the first flight of a turbojet plane in August 1939 from the Marienehe Airfield in
Germany.

Although the turbojet created a revolution in aircraft ropulsion, it was not as radica! a
break with the technology of the reciprocating engine as the word revolution might ir :ply. The
technology of the supercharger, a component added to the reciprocating engine, provided the con-
tinuity between the old technology and the new. The supercharger was, in fact, a compressor.
However, in the turbojet, the compressor took its place &s an intrinsic part of the engine systerm.
For the inventors, the choice of the compressor was significant, and it was not by chance that both

hittle and von Ohain chose a centrifugal compressor; the centrifugal supercharger was in com-
mon use in conventional engines. In contrast, axial superchargers were extremely demanding ex-
perimental devices. Both von Ohain and Whittle knew that the centrifugal compressor was a
“orute force device” and that eventually they would g0 axial,” but they started with the cen-
trifugal compressor because it was simpler to build.?® In the same year that von Ohain
demonstrated the feasibility of the turbojet concept, Anseim Franz, Germany's expert on super-
chargers, designed the first turbojet with an axial-flow COmpressor.

INDEPENDENT AMERICAN EFFORTS TO DEVELOP A TURBOJET
Sir Henry Tizard, science advisor to the British Ministry of Aircraft Production, visited the
United States in September 1940. Although it is well known that Tizard informed his American
allies of British technical advances in radar and opened discussions concerning British
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cooperation in the development of atomic energy, Tizard also brought with him the first news of
the British developments in the new field of jet propulsion. Tizard met with both Vannevar Bush
and George Lewis, but he revezaled very little except the seriousness of British efforts in jet propul-
sion. Bush later recailed: ""The interesting parts of the subject, namely the expiicit way in which
the investigation was being carried out, were apparently not known fo Tizard, and at least he did
not give me any indication that he knew such details!"%!

In February Gereral Arnold became aware of new and unforeseen developments in aircraft
propuision from German intelligence sources. At first Arnold appears to have identified jet pro-
pulsion with rocket-assisted take-off, and he encou raced the setting up within the NACA of 2 sub-
committee on auxiliary jet propulsion. However, on February 25, 1941, after hearing reports of
European developments of jet-assisted take-off arzd more ominous, as a primary source of power,
engine research took on new urgency. He asked Vannevar Bush, then Chairman of both the
National Defense Research Committee [NDRC} and the NACA, to form z jet propulsion committee
with 2 much wider mandate. He was concerned that the Germans' exoer*me*xtai use of rockets
to assist take-off would make existing fighter planes obsolete. Arnold considered the Army-

supported work at the California Institute of Technology inadequate. He did not expect this group,
led by the irrepressible Frank Malina and advised by aerodynamicist Theodore von Kérmdén, to
yield "practical results” in the near future. Arnold stressed the urgency of giving the problem fo
a "large group of able scientists. %2

In his response to General Arnold, Bush firmly disabused him of any wishful think King that
jet propuision research should be undertaken by the NDRC rather than the NACA. he pointed o
that, while rockets as weaponry could legitimately come under the purview of the NDRC, 1rcraf+
propuision was the province of the NACA, an organization he greatly admired and may have used
as his model when the country called upon him to mobilize science.”® He acknowledged that th
well-known physicist from the California Institute of Technology, Richard C. Tolman, was in-
vestigating ‘‘certain aspects of rocket p*opaisko“, but he a'z‘..cvpanec that the research in et pro-
pulsion would be long and expensive. He did not think that it was “'proper for NDRC o devote
its funds to az*c*&t propulsion problems.” Bush therefore reco*nmenced the formation of a
speciel committee that would act independently ou* under the general umbreila of the NACA
Power Plants Committee.?*

Before deciding on the composition of the commitiee and a suitable chair, Bush consuited

with Rear Admiral John H. Towers, Chief of the Bureau of Aeronautics. Towers agreed with Bush
that the committee should be composed of “‘personnel other than those who deal with conven-
tional power plants” and focused on high-level scientists. He looked on Hugh L. Dryden of the
Bureau of Standards as “'particularly suitable for such a committee, where practicabili ty should
be combined with theoretical considerations.'?®

After canvasing several prominent members of the aeronautical community, Bush selected
Stanford University's emeritus professor, William Frederick Durand, still vigorous at the age of
82, 0 head the new committee. Durand was a man of intellect and professional integrity, “calm
toierance and the driving power of a will to work.'?® Durand had served as Chairman of the
NACA from 1917 to 1918. He had made his reputation in the fHeld of aeronautics through &
systematic presentation of propelier performance data {with Everett Parker Lesley!, a standard

Jit

reference work relied on by early aircraft designers. Durand's reputation as a scientist was

enhanced through his role as editor of a definitive multivolume work on aerodvnamics in -inf»
1930s. In urging Durand to assume leadership of the committee, Bush wrote: “The matter i

e
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such importance, however, and so
definitely requires mature and indepen-
dent judgment of a high order, that I
believe it is worthy of your attention as
chairman, no matter how much you might
be relieved on the details of the work.”
The scope and the authority of this new
committee was to be exiremely wide.
Bush wrote that after consultation with
Arnold, they agreed that if the committee
concluded that “full-scale experimenta-
tion was in order,’ they would find
“'several million dollars” to fund it.27

The new Special Committee had 2
broad responsibility to investigate all
aspects of jet propulsion. Even members
of the NACA would be asked to serve on}
in an ex officio capacity: “The backbone
of the committee shouid be men of in-
dependent background and with them  yyiam £ Durand, chairman of the NACA's Special
should be joined men of special Committee on Jet Propulsion.
capabiiities in the process of evalua-
tion."?® Pratt & Whitney, Wright Aeronautical, and Allison, the mejor manufacturers of piston
engines, were deliberately excluded from participation on the committee, despite the interest that
each company had shown in early jet propulsion schemes. For example, Pratt & Whitney had sup-
ported the development of a design by Andrew Kalitinsky of the Massachusetts Institute of
Technology and by December 1941 had learned of the successful fiight of Whittle's engine from
2 friend of the pilot “"who flew the British straight propulsion machine.?® Wright Aeronautical
may have learned of the Whittle engine during Tizard's visit and attempted in 1941 to negotiate
for the American license from Whittie's Company, Power Jets, Ltd.

Representation by industry was limited to three manufacturers, all with prior experience
not with aircraft engines, but in industrial steam turbine design: Aliis-Chalmers, Westinghouse,
and the General Electric Steam Turbine Division at Schenectady, NY. The rationale for excluding
the engine companies from membership on the committee was not that they were t0o over-
burdened with war-related work, because the steam turbine manufacturers were in the same
situation. What Bush seems to have meant by the euphemism, “'special capabilities in the process
of evaluation,” was thet the engine companies, with a vested interest in maint ining the status
quo, shouid not be included. Bush knew that engineers who worked with steam turdines had ex-
perience with the aerodynamics of compressors and turbines. In addition o these manufacturers
and representatives of the military, Bush recommended three scientists: Professor C. Richard
Soderberg of the Massachusetts Institute of Technology, an authority on turbines who shouldered
the duties of vice-chairman; A.G. Christie of The Johns Hopkins University, and Hugh Dryden.
The deliberate omission of the aircraft engine manufacturers may have led the committee to
inderestimate what a demanding undertaking it would be to develop a new aircraft engine. More
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important, the selection of steam turbine manufacturers influenced the choice of the axial-flow

compressor with multiple stages, a compressor used in industrial steam turbines. If the engine
companies had been included, they would have been more likely to favor a design with a cen-
trifugal compressor because of their experience with superchargers. In hindsight, it wouid have
been wise to include at least one design based on the centrifugal compressor.

By April 1941 the Special Committee was ready o get to work, but the minutes show how
far they were from the turbojet concept. Still sharing Arnoid's impression that jet propulsion in-
voived rockets, the committee considered and dismissed Goddard's rocket experiments. By con-
sensus, the committee decided that the problem of jet-assisted take-off was of greatest importance
and "the most immediately practical’’ Obviously, Arnold had made information on the striking
results of the California Institute of Technology’s JATO [et-assisted take-off! rockets available to

the group.*

Eastman jacobs was invited to give a full report on the progress of the jet propulsion vo?ec*
that the NACA had begun at its leboratory at Langley. No doubt }acoos $ invitetion to make thi
presentation to the committee was due in part to the enthusiasm that Vannevar Bush had a}rcadv
aoverped for the NACA scheme. In the letter he wrote to Durand asking him ¢ to chair ghe commit-
tee, he revealed that, of the many jet propulsion proposals already subw to the Army, th
Navy, and the NACA, the Jacobs project seemed to hold the most promise. ’ he group at Langiev

Field and Jacobs, in particular, have been very active in developing one jet propulsion scheme in
which I have acquired a large amount of interest and perhaps even enthusiasm, for it seems to
have great possibiiities and I cannot find any flaw in their arguments.’%:

Jacobs's scheme for a ducted fan, nicknamed “Jake's Jeep” by his NACA colleagues, was
among several embryonic ef‘o +o develop a gas turbine power plant for aircraft in the United
States prior to the importation of the Whittle engine.® Jacobs received the high-level support of
Bush and Durand. As a resuit of his prestzge, the designs that the industry representatives on the
Durand Committee later developed owed a great deal to preliminary studies made at Langley.
Jacobs was riding & crest of prestige for the development of NACA laminar-flow airfoils. His
reputation as an aerodynamicist made the NACA effort more credible than other proposals.

About 1831 the Italian Secondo Campini had first conceived a ducted-fan engine deskon, and
jacobs may have learned of this scheme when he attended the Volta Congress in Rome in 1933,

The cucted fan, a hybrid scheme conszs‘zing of a conventional piston engine and compressor,
lacked the simplicity of the turbojet. Air entered z long cylindrical nacelle tbr h e duct, where

it was compressed. The section of the nace.ie in back of the compressor served as a combustion
chamber. Fuel was injected into the chamber and ignited. The iﬂeaked gases, directed out tne back
through a high-speed nozzle, produced thrust to drive the engine forward. The Campini engine
had a two-stage centrifugal compressor; Jacobs modified Campini's design. He chose an axial com-
pressor with two stages. Jacobs had problems not only with the compressor, iso with th
combustor, which failed to function properly.® Nevertheless, in the view of C.zmo“ E. Brown,
who worked on the project, the Jeep was a sound idea. Jacobs proved the feasibility of his ducted-
fan concept.>* However, compared to Whittle's far si mpier design for a turboiet, its development
in 1841 was embryonic.

In Aprii 1941, prior to Arnold's return from England, the Jacobs engine looked promising
enough to win the backing of the country's gas turbine experts. In its early stages, the project had
consisted of a "simple program of burning experiments.’ It was only after Durand placed the :JAE
weight of the Special Committee on Jet Propulsion behind the project that Jacobs expanded the
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scope of the work from a simple burner test rig to ““more nearly a mock-up of a proposed zirplane
for ground testing >

At the April 22 meeting, members of the Special Committee also heard summaries of British
reports on the development of axial-flow compressors, probably those of A. A. Griffith and Hayne
Constant of the Royal Aircraft Establishment, who had been wor king for Nany years, with limited
success, on axial compressors. Their goal was 2 gas turbine engine to drive the aircraft's pro-
peilers. What the Special Committee could not know was that Whittle had chosen not to use the
more complicated axial configuration for his turbojet engine.

By the May 8 meeting, Arnoid had returned to the United States, and the Special Committee
expeaea to be briefed on the latest developments. Instead, because of the British imposition of

"most secret” classification on the project, the committee was merely asked to suggest the
names of two engineers to be sent to England to ‘make contact” with British developments in jet
opulsion. Durand, betraying his mistaken belief that the new British propws lon system used th
axial compressor, suggested D.R. Shoults of Genera! Electric, "'an expert in matters relating to
axial-turbo compressors, which type of equipment forms the core of the British deveiopment.”56
At the same meeting, Lewis, sharing the same prejudice in favor of the axiel-flow compressor,
referred to the the eight-stage compressor developed by Eastman Jacobs and Eugene Wasielewski
intended primarily as a supercharger. He revealed that General Electric “was interested in
developing this compressor to its full capacity since the Commitiee's tests had been limited to low
speeds and the use of only six of the eight stages which had been proviced." At this point, all the
signs indicated that an axial compressor would be 2 significant component of any jet propulsion
scheme, a presumption shaped by the influence of Jacobs and the knowledge of the publications
of the British aerodynamicists, Griffith and Constant. Future engineering practice would vindicate
this decision, since the axial compressor did eventually prevail over the centrifu ugal.*” For short-
term wartime needs, however, Jacobs underestimated the axial-compressor’s recalcitrant prob-
lems. The NACA would pay dearly in terms of lowered prestige for its garly commitment ¢ axial
compressor development and its failure to recognize the definite advantage of the compzessor-
turbine combination embodied in Whittie's turbojet.

In early Jure A*no‘a sent 2 brief but significant memorandum to Bush. It contained as
attachments 2 picture of the Whittle engine and 2 short description that had been sent by
diplomatic pouch from Lze stenant Colonel . T. C. Moore-Brabizon of the Ministry of Aircraft Pro-
ductio*z Item one of the description stated: *'The Whittle jet propulsion engine consists of 10 com-

ustion chambers {equivalent to the cylinders of a normal engine!, an exhaust gas turbine,
supercharger, and an exhaust jet or nozzle!"*® Notably absent from the descr iption was a key ele-
ment. Was the “superci‘arger fle., the compressor] axial or centrifugal?

Y the end of the month, Arnold appears o have recognized the possibie superiority of the
cow*\ressor-comaas or-turbine combination to the hybrid piston engine-compressor-combustor
combination of Jacobs's conception. In a letter dated 25 June 1941, Arnold wrote to Bush, con-
cerning the Jacobs project: ‘As regards the ‘Jacobs' engine, the Air Corps will stand ready to assist
thls project to the maximum extent possible; however, further conferences with N.ACA. person-
nel and further investigation of the project as 2 whole indicate that this development is far from
reacy for a test instaliation.” Speaking in the context of his personal know! iedge of the British suc-
cess with the Whittle engine, Arnold urged the Special Committee to consider not only jet-assisted
take-off, but also jet engines as '‘primary sources of power.’%®
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The NACA eight-stage axial-flow compressor designed by Eastman jacobs and Eugene Wasielewski.

In June Durand informed the committee of the Whittle proiect, but only in general terms
because of the classification of the project. The inquiries of Wright Aeronautical to obtain the
license to the Whittle engine from Power Jets, Ltd., however, caused 2 brief diplomatic flurry,
since it created the impression that the British-American agreement on the Whittle was common
knowledge. As a2 memorandum from Bush to Arnold indicated, they had been extremely careful
about what had been communicated:

I have checked with Dr. Durand this morning. Neither he nor I have communicated
any of the explicit [sic} information regarding the Whittle engine o any individual. Dr.
Durand in particular teils me that when his Jet Propulsion Committee met he told
them only that the British had a development along jet propulsion lines without giving
them any explicit {sic] information. In fact, he did not have this information at the
time himself... [ am quite sure that explicit information placed in the hands of Dr.
Durand and myself has not gone eisewhere.*

It now began to dawn on Bush that development of the Whittie engine was far ahead of the
NACA project. In July he wrote to Arnoid: "It becomes evident that the Whittle engine is a
satisfactory development and that it is approaching production, although we vet do not know just
how satisfactory it is. Certainly if it is now in such state that the British plans call for large produc-
tion in five months, it is extraordinarily advanced and no time should be lost on the matter”’ Bush
recommended that arrangements for production of the British engine in the United States should
be expedited by the selection of a suitable company. He suggested either A.R. Stevenson of
General Electric or RG. Aller of Allis-Chalmers, both of whom had representatives on Durand's
Special Committee. The choice would depend on which compeny they selected to deveiop the
Whittle. The committee as a whole, Bush reminded him, “on account of British wishes,’ could not
be privy to full information about the Whittle engine. Bush now quaiified his support for the
Jacobs project. If the Whittle engine was as advanced as it appeared, it deserved to be expedited,
regardless of the promise of the Jacobs project over the long term:



.

[ am inciined to believe personally that in the ion
prove to be equally or more interesting. It is certainly true, however, :nat the Whittle
development is much further advanced. If it is really se-*v*?ceame and if it will really
produce a relat veAy inexpensive power plant for pursuit craft which can be rapidly
put into production, I feel that no ime shou;c be lost in expec:tmo the mat;er.“

By july Arnold had selected Gepe*ai Electric to copy the Whittle engine. D. Roy Shoults,
then in Englend to oversee the British use of Genera? Electric's turbosupercharger, became

run the jacobs development will
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Ge“er ! Electrzc ST Mp*cscmawe assisted by Alfred ]. Lyon, the Army’s technical Laison officer
in Great Britain. In Au gus ‘onel Donald Keirn, the engineer from Wright Field who brought

the news to the Clevelan 1aoo-fat ry two years later, took off for Englend to bring back the Whit-
tie engine. Later Keirn joined the Special Commitiee so that he was fully informed of all the jet
propulsion projects, both the “most secret’” Whittle project and the ''secret’’ projects of th
Special Com.“zt:ee

While Bush and Durand steadfastly supported the NACA project, from the time of his visit
to England in ADZ’:L, Arnoia had become a believer in the future of the Whittle engine. His leiter
to Colonel Lyon, 2 October 1941, reveals the first discussions of a a possible future Army effort t
preempt the jet propulsion field and thereby end the NACA hegemony over basic aeronautical
"esearcL. :{owever, with characteristic restraint, he refused o commi: .Amﬁse*. on this issue.
Clearly, he saw the turbojet as a possible answer to the problem of obtaining higher speeds for
mrsan aircraft, but he stopped short of predicting that the piston engine wouia be obsoiete in ten
years. The letter reveals Arnoid’'s astute assessment of the possible dawning of a new era of jet
propuision.

I 'was told in Englend in April that in ten vears there wouldn't be any more
poppet vaives or, as a matter of fact, any type of gas ?Disto“’: enging as we now have
in pursuit airplanes, and another five vears would see the end of that type of engine
in all types of aircraft. I must admit that I was not as en*’ usiastic about such a pro-
position as the advocates in England were. In my 30 vears in aviation I have seen 00
many of these things come up that are going to completely revolutionize everything

and do away wzth ail heretofore existing forms of aircraft, so while [ am enti rusiastic,
I am not super-enthusiastic.

Idonott eizev at we are ready at this time to start a development program
tenc:ng towards the production of the jet propuision euome on the same scale as we
now have for the conventional type of gas engine. [ am of the opinion, however, that
it will be much easier to reach the 4,000 to 3,00 horsepower with the jet propuision
and gas turbine than it will be with the conventional type of engx}e Everything point
in that direction. The turbine has everything to its advantage.*?

Although not privy to the full Whittle story, the Durand cornmlttee had ex oagz information
n the Whittle engine to see the potential of Me compressor-turbine combination. The committee

.

et up a Special Compr ssor—'lizro;ne Panel, chaired by R. C. A;‘ex., manager of the Allis-Chalmers
Stea; »Turbine Department. It should be noted that Jacobs and his team were obvi ously informed
of the conclusion of the pan ei, but persisted in their belief that the hybrid scheme would work.
A letter to the panel from Henry Reid, Engine er-in-Charge at Langley, indicated that "iet propui-

1

sion can better be accompiished at present with the use of the conventional engine! %2 Reid con-

y
-

cecded that a more radical approach t0 aircraft propuision might prevail in the long run.
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Although they had at last hit upon the compressor-turbine combination, the panel con-
sidered only the axiai-flow como*essor Whether the simpler centrifugal compressor was con-
sidered at ail is difficult to determine, since all the minutes for the compressor~t~"bme pane} have
not been found. The axial compressor, because of its smaller frontal area and ! nigher potential
pressure ratio, looked more promising on paper. However, if the axial compressor was iighter and
more cornpact, it demanded a knowiedge of aerodynamics. The complex movement of air across
the blades of severa! stages presented a challenge o the designer. The fabrication of the com-
piicated compressor was 2 nightmare. Vibrations created the danger that compressor blades might
fly off in all directions. The simpier solution found by Whittle and von Ohain—the cent rifugal
compressor—eluded the steam turbine experts on the committee.

The same month that the compressor panel was formed, representatives of Allis-Chalmers
visited Langley. "Their particuler interest was the axial-flow compressor, which has been con-
structed at Langley Field,” George Lewis wrote to Durand. Lewis revealed that the results of 2
ioint investigatio'x with General Electric would be made availeble. This was obviously a reference
to the eight-stage axialflow compressor of Jacobs and Wasielewski. All three of the companies
selecge“ axial-flow compressors, but they decided not to attempt as many stages.* Alt hough th
NACA directly influenced the axial compressors in the General Fleciric and Allis-Chalmers
designs, influence on the Westinghouse turbojet is less clear. The Westinghouse design team may
have decided to use a Drown-Bovm compressor as its model. In any case, the company was

familiar with the axial configuration through experience with axial compressors in Navy surface
vessels.”>

When the Durand Committee met at Langley Field in September, they recommended th
Jacobs begin design studies to explore '‘the most su iitable means for applying this system of get
propuision {0 actual aircraft!” They also decided that the preliminary studies of th companies
could be made into actual proposals for subh.Asszor to the Army or Navy.*® The Navy approved
designs for a turbojet by Westinghouse and for a type of ducted fan oy Aliis-Chalmers. The Army
agreed to support General Electric's proposal for a turboprop.

Up to the time of the submission of th p*o osais, the committee had allowed considerable
cooperation and exchange of information among the three companies, and the NACA was 2 clear-
inghouse for information. After the September meeting each company began o work in
dependently, and aithougn the upper management of each company represented on the Sp»cz(.;
Committee was aware of the paraiiel development of General Electric's Whittle turbojet, the
design teams actually working on the respective projects were Xept in the dark. Moreover, thev
were not allowed to exchange information with designers working on the other projects sponsored

bl

oy the Special Committee L.:zt.A Durand wrote to Genera! O. P. Echois for permission for greater
cooperation. In recalling the "helpful attitude regarding mutual conference and int rchange of
cdata and suggestions” that the companies had e“‘oved prior to the awarding of specific design
contracts, he urged that it be allowed to continu
While the members of the Special Cornmzt:ee Knew about the "Whittle matter,’ as did select-
ec high-level “.c‘vvdua;s at General Electric, Arnold would not allow the Whittle engine to be
tested at Langley Field because of the British ''most secret’’ classification. Nevertheless, Oliver P
Echols, Chief of the Material Division, was aware of the deveiopment problems that the West Lynn
team was encountering and urged Arnoid to let General Electric send the Whittle engine for estmg
in NACA wind tunnels. In 2 memorandum addressed to General Arnoid, 13 November 1041, he
wrote: "As we get deeper into the Bell XP-59A and GE Type I Supercharger Projects, we find that
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in order to exploit the fullest possibilities of this engine-airpiane combinaﬁon. .. it is highly
desirable that we initiate wind tunnel studies as soon as possible. .. " Echols suggested either the
16-foot tunnel at Moffet Field {Ames] or the 19-foot pressure tuA.neL at Langley. Noted in large let-
ters on the memo was “'Decision is NO!'" with the appended note: “'General Echols advised that
he had discussed this matter with Gen. A, this date, and that Gen. A did not wish to tunnel test
at NACA in view of the 'secrecy’ of project. Therefore it wiil be necessary to proceed without tun-
nel tests planning on testing for 2nd attack if first attempt is a ‘bust’ 43

if the committee had encouraged at least one American design based on the centrifugal
compressor, more rapid progress wouid have been apparent. Kept in the dark, those making the
initial decisions did not know that part of the success of the Whittle engine depended on its sim-
ple centrifugal compressor. Progress on ali four of the projects of Durand’s Special Committee
was siow. In june 1942, Vannevar Bush raised doubts about the wisdom of exciusive reliance on
the axial compressor. Referring to "the secret development oeing carried on by the General
Electric Company on compressors for use in jet propulsion’’ he wanted to know whether the
special panel that "'had previously provided for the interchange of information on coOmpressor
design” shouid be reconvened. Durand responded that A. R Stevenson, Ir., General Electric's
representative on the committee "'had expressed the view that the time had passed for such an
interchange of views."*® In November Stevenson reassured the commitiee that, although it was
behind schedule, their “troubles’” were routine. These “iroubles” were directly related to the
compressor: *'We are becoming guite worried about vibration of the blades on the axial-flow com-
pressor.” He reportec that their experimental four-stage compressor, like the one at angiey, had
lost its blades. ""We believe it was due to fatigue caused by pulsating air force!'S% General
Electric’s turboprop, the TG-100/T31, reached the test stand by 1943. Auhowa a turboprop pro-
vides more efficient propulsion at modest speeds, the gearing o connect the gas turbine to the
propelier adds mechanical ﬁoL.Aerxi*v The simplicity of the turbojet probably induced General
Electric engineers to design the succeeding model, the TG-180/135, as a tur bojet. Nevertheless, its
tricky axial compressor made significant progress siow. Suppo4 t for the Allis-Chaimers deszgn for
a ducted fan with double paths of cool and hot air was dropped by the Navy in 1943, when th
company obtained the license to build a British Havilland-Halford jet propuision unit.

Of the three designs submit-
ted by the steam turbine manufac-
turers, only the Westinghouse 198
turbojet actuaily reached flight
testing before the end of Worid
War II. The company proudly
caiied it the "Yankee' because it
was the product of American
engineering. It appears that R. P
Kroon, head of the team that ac-
tuaily built the ""Yankee'' did not
know of the British ceve}ovmems
prior to 1943. However, even in the
Westinghouse unit, a British idea
for a ring of individual combustors
Centrifugal compressor. around the central shaft of the
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engine did find its way into the design. The ""Yankee’ engine had 24 combustor '‘cans’’ A com-
pany history relates that in July 1942, during the time that Westinghouse was struggling with its
design, Stuart Way mentioned their problems in a meeting of a NACA combustion subcommittee.
"It so happened that a GE man said that the problem was very simple—2il you have to do was
take a tin can and punch some holes in it and you will have a combustion chamber’ 3! The
story also belies the view that the two divisions within General Electric worked in complete
ignorance of what the other was doing. At some point the engineers at West Lynn and Schenectady
may have exchanged information, because the TG-100, the General Electric project at Schenectady,
also used muitiple combustor cans. Glenn Warren, one of its designers, called the idea one of th
most important aspects of British-American cooperation.?

Jacobs never had the benefit of the British solution to the combustion problem. Unaware
that turbojets had already passed their bench tests in England and Germany, Langley engineers
struggled to perfect Jacobs's hybrid scheme. The problem of achieving stable combustion in a con-
tinuous airstream without creating a flame that was so hot it would melt the meta! sides of the
apparatus was particularly recalcitrant. Jacobs tried to get the fuel to vaporize within a tubular
boiler. However, he could not get his system to operate satisfactorily, and he agreed to enlist th
assistance of Kemper's Power Plants Division. The '‘burner” problem was turned over to Ben
Pinkel's Engine Analysis Section. Durand strongly supported the idea that a series of fuel jets
should be tried. Pinkel assigned Kervork Nahigyan the task of redesigning the burner. Durand
noted on a visit to Langley in March 1942 that both Jacobs's approach and that of the Power Plants
Division appeared promising. He encouraged the rivalry between the two groups and set a
deadline for an actual demonstration to the entire committee for July 15.5° The demonstration,
featuring Jacobs's solution, looked promising enough for the committee to encourage the work to
be continued.

While Durand still strongly supported the Jacobs project, he realized that the NACA had 2
great deal at stake. As the first test flight of the General Electric 1-A engine neared, he became
apprehensive. If Jake's Jeep failed, it would seriously affect the prestige of his committee, perhaps
that of the entire NACA. In late September, he revealed his anxiety over the NACA project o
George Lewis. In a letter to Lewis from California, written several days before he was to witness
the flight over Muroc Dry Lake, Durand urged Lewis to “feel quite free to take hold of and direct
the work of Jacobs along the lines agreed upon earlier.’ There was not a great dea} that they could
do about the projects that were in the hands of the private companies, but, he wrote, "' have,

Schematic view of General Electric’s TG-180 shows the axial compressor influenced by the NACA eight-stage
compressor.
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however, felt a little anxious about Jacobs's work, due 1o the fact that the Commitiee is directly
interested in that particular project in the sense that its success or failure will react directly
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the Committee—at least in connection with this particular work. Two
General Electric 1-A engines powered the Bell Airacomet {P-59A! into the sky several days later.

There can be no guestion that once the Whittle e gine was successfully flown, it became
clearer that the outlines of future development would favor the far simpler compressor and tur-
bine co‘.Aoination over the unwieidy piston engme and fan combination of Jacobs's conception
Durand was enthusiastic about the “'splendid results” of the tests at Muroc, He wrote ¢ Keirn,
"It reaily begins to look as though a definite start has been made along the lines we have been
hinking about so long.'%

Durand informed members of the Special Committeg that “resuiting from entirely different
causes’ a meeting had been called “on the initiative of Army aviation’ to ‘ake place in
Washington, D.C., on November 13. AithOugn no cirect reference was made to mc Whittle pr
there could have been no question in any member's mind as to what Durand was taiking about

en he wrote that representatives of the Army, Navy, the Chairman of N ACA, and the Chairm
of the Specia‘z Committee on je-‘ Propulsion “take a broad general view, with an at:erz*pt ¢
evaiuate its significance as a factor in our present war effort, and, if possiblie, to reach some deci-
sion as to the extent to which tl’:e subject merit 1m~nediate support and development”” He re-
reaied that a reaort on the Langiey project would be “"esente at that time.®® Thus, the commiz-
tee was placed for th ::rs, tme in a poszt: 2 1o judge the relative merits of the two systems,
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iacobs’s ducted fan and Whittle's turboiet. Obviously, the Whittle ¢ urbojet was the winner

P

%S

ject

5

Secause it was at a point of cevelos.“c*.\ weil beyor Ad that of the NACA o*o* Although it was
not clear at the time, ultimately the complexity and the excessive amount o { weight in comparison
to its low thrusi meant that the ducted fan coulf* not compete with the simplicity, effict n-cy, and
low maintenance of future turbojets. The Jeep, nevertheless, piayed an important role in future
American turbojet development because it stmulated bot